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ki«t of Symbol 


Symbol 

Definition 

Dimension 

A 

Aspect ratio 


b 

Wing span 

ft 

b 

a 

Aileron span 

ft 

b f 

Flap span 

ft 

b t 

Tire width 

ft 

c 

Wing chord 

ft 

c 

Wing mean geometric chord 

ft 

c f 

Flap chord 

ft 

c f 

Equivalent skin friction 
coefficient 


c 

J 

Specific fuel consumption 

lbs/ lbs/hr 

C D 

Drag coefficient 


0 

Q 

U 

Zero lift drag coefficient 


c i 

Section lift coefficient 

— 

e i 

nr 

Section lift curve slope 

1/rad 

c i 

Section lift curve slope 
with flaps down 

1/rad 

C L 

Lift Coefficient 


C m 

Pitching moment coefficient 


D 

Drag 

lbs 

d p 

Propeller diameter 

ft 

®t 

Tire diameter 

ft 

d f* D f 

fuselage diameter 

ft 

m 

Oswald* s ef f iciency factor 

— 

E 

Endurance 

hours 

f 

Equivalent parasite area 

ft2 

FAR 

Federal Air Regulation 

— 

g 

Acceleration of gravity 

ft /sec 2 

h 

Altitude 

ft 

*w 

Wing incidence angle 

degrees 

k A 

Sweep angle correction factor 


k f 

Correction factor for split 
flaps 

— 

L 

Lift 

1 b* 

L/D 

Lift-to— drag ratio 


J f 

Fuselage length 

ft 

1 fc 

Fuselage cone length 

ft 

J m 

Dist. c. g. to main gear 

ft 


ii 
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1 

n 

Dist. c. g. to nos* g*sr 

ft 

M 

Mach numbtr 


n 

Load factor 


nm 

Nautical mil* <£, 076 ft) 

nm 

n 

p 

Number of propeller blades 


n 

s 

Number of struts 


N 

Number of engines 


P 

Power, horse— power 

hp 

P bl 

Blade power loading 

hp/ft2 

q 


psf 

R 

Range 

nm 

R 

n 

Reynold 1 * number 

— — — 

RC 

Rate of climb 

f pm or fpi 

ft 

Dist artce 

ft 

S 

Wing area 

ft2 

SHP 

Shaft horsepower 

hp 

®w*t 

Wetted area 

ft2 

S wf 

Flapped wing area 

ft2 

t 

T ime 

ftftc, min, 

t /c 

Thickness ratio 

—— 

T 

Thrust 

lbs 

V 

True airspeed 

mph, fps. 

V 

Volume coefficient 

— 

w 

Weight 

lbs 

X .c 

Distance from l.e. c to 


*»y. 2 

aerodynamic center 
Distance from reference to a 

ft, in 

V V *c 

component c. g. 

Distance from c. g. to a. c. of 

ft, in 

y* 

a surface 

Engine— out moment arm 

ft 

6r»»k Svmbols 

a 

angle of attack 

deg, rad 

s 

sideslip angle 

deg, rad 

6 

control surface deflection 

deg, rad 

X 

taper ratio 

— 

A 

sweep angle 

deg, rad 

n 

3. 142 

— “ 

r 

dihedral angle 

deg, rad 

p 

air density 

slugs/ft 

a 

air density ratio 

— 

e fc 

fuselage cone angle 

deg, rad 

• 

lateral ground clearance angle 

deg, rad 

e 

longitudinal ground clearance 

deg, rad 

®lof 

angle 

lift-off angle 

deg, rad 


in 



c 

Downwash ang 1 e 

e t 

twist angle deg, rad 

n 

spanwise station, fraction 


of the span 

* 

lateral tip-over angle deg, rad 

Y 

flight path angle deg, rad 

X 

bypass ratio 

S.tfbFPriPtp 


a 

ai leron 

A 

approach 

abs 

absolute 

cat 

catapult 

cl 

el imb 

cr 

cr u i sa 

craw 

craw 

crit 

critical 

c/2 

semi -chord 

c/4 

q uar t erchord 

das 

design 

dry 

without fluids or afterburner 

a 

elevator 

E 

empty 

f 

flaps 

ff 

fuel fraction 

F 

mission fuel 

FL 

field length 

guess 

guessed 

h 

alt itude 

h 

horizontal tail 

Is 

leading edge 

L 

landing 

L6 

landing, ground 

LO 

lift-off 

max 

maximum 

ME 

manufacturer’s empty 

OE 

operating empty 

PA 

power approach 

PL 

pay 1 oad 

RC 

rate of climb 

r 

root 

rss 

reserve 

rsqd 

required 

s 

stall 

TO 

take-off 

TOG 

take-off, ground 

t 

tip 

te 

trailing edge 

tent 

tent at i ve 

t fo 

trapped fuel and oil 

used 

used 

w 

wing 



M*t 

Mb 

Mod 


Mat tad 
Mi rig-body 

Mind ovtr tha dock 


Acronym* 


AEO 

All angines operating 

APU 

Auxiliary power unit 

B. L. 

Buttock line 

c. g. 

Center of gravity 

F. S. 

Fuselage station. Front spar 

□El 

On* eng i ne i noperat i ve 

OWE 

Operating Meight empty 

PAX 

Passengers 

p. d. 

Preliminary design 

R. S. 

Rear Spar 

sis 

Sea level standard 

TBP 

Turboprop 

W. L. 

Water 1 in* 
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This report is completed in pert i el fulfillment of NASA- 
LISRA Grent NGT— 6001 requirements. The purpose of this report 
is to present the cless I conf iguret ion designs of e femily 
of commuter eirplenes. 

The proposed commuters renge from 25 to 100 pessengers. 
It wes decided thet ell the eirplenes in the femily should 
heve* 

1) 2 eft fuse lege mounted engines 

2) Low wing 

3) T-teil type empennege 

4) Tricycle type lending geer 

The femily concept is introduced in this report in en effort 
to echieve struct urel, systems, end hendling quelities 
common* 1 i t y throughout the pessenger renge. Implementing 
commonelity cen substent iel ly reduce menufect uring end 
production costs. By echieving common system designs 
meintenence costs cen be reduced by ellowing eirlines to keep 
e smeller inventory of spere perts. Therefore, the higher 
degree of commonelity thet cen be echieved will result in 
lower direct opereting costs end lower life cycle cost. 

Teble 1.1 lists these common feetures. Attempting to 
implement meny of these commonelity requirements hes ceused 
conf iguret ion design problems. The twin-body concept is 
introduced in en effort to retein commonelity throughout the 
pessenger renge. 

Chepter 2. discusses the commonelity objectives to be 
designed into the commuter femily. Chepter 3. discusses the 
seven cless I conf iguret ion designs. Chepter 4. comperes the 
design dete to exi sting eirplenes. The extent of struct urel, 
systems, end hendling quelities commonelity echieved will be 
reviewed in Chepter 5. Conclusions end recommendet ions ere 
contained in Chepter G. 




Common landing gear Comp 1 at ad 

Tinas and brakas 

(Both nosa and main gaan) 

Common landing gaar struts Complatad 

and ratraetion schama 


Common Ming torqua box 
Common ampannaga torqua box 

Common poMarplants 

Common cockpit 
1 nst r umant at i on 


# 

Complatad 

Forthcoming 

Complatad** 

Complatad 


Common flight systams Forthcoming 

Flight control 
Fual 

Prassurizat ion 
Da— icing 

NLF airfoil technology Implemented 

* 

Structural analysis in progress 

Two powerplants ware selected. A 6000 shp angina, and a 
13500 shp angina for the 75 and 100 passenger models. 
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8. Commonality Objectives for the Commuter Family 

The purpose of this chapter is to state the items 
(structural, systems, operational) that are or will be 
common to every airplane in the commuter family. After the 
Class I conf igurat ions are presented, an analysis of the 
extent in which commonality was integrated will be 
detailed. This is accomplished in Chapter 5. 

Commonality of airplanes in the family is an effort to 
substantially lower acquistion and operating costs for the 
airplanes. In turn, the airlines will have a wide range of 
passenger capacity airplanes to operate. A high degree of 
structural and systems commonality will also result in a 
smaller spare parts inventory for the airline. 

SsJ Fuselage Cross Section 

All airplanes in the family have a 4-abreast seating 
arrangement. The fuselage cross section is presented in 
Figure 2.1. The rationale for arriving at this decision is 
given in Appendix A. 

2^2 Flight Peck Layout 

A preliminary flight deck layout is shown in Figure 
2.2. Appendix A describes the flight deck layout and 
provides a list of cockpit instruments. In the interest of 
instrument commonal ity, it was decided that all members of 
the family have two engines. 

Sglftgltqri 

The commuter family utilizes an advanced turbo— prop 
engine with 10 ft. diameter counter— rotat ing propellers. 
From engine sizing requirements discussed in Chapter 3, it 
was determined that cruise speed and landing fieldlength 
requirements were critical. These requirements determined 
the required take-off power for each member of the commuter 
family. 

Two shp models were necessary. A 2000 shp engine 
powers the 25 to 50 passenger models. A 13,500 shp engine 
powers the 75 and 100 passenger models. For some of the 
airplanes, it is necessary to derate the engine horsepower. 
Table 2. 1 presents required take-off power requirements and 
derated horsepowers for the commuter family. 

Derating some of the engines will allow for longer 
service life because engine cores will not have to burn as 
hot and will be able to last longer. Figure 2.3 presents 
dimensioned view of the PD436-11 powerplant. The engines 
used in the commmuter family are scaled from this engine. 
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Table 2. 1 — Engi ne Pow»r Rtouirwuntt 


Passenger 

Model 

Take-Off 
Power (shp) 

Total 
Engine 
Power (shp) 

Derated 
Engine 
Power (shp 

25 Passenger 

8,419 

2x6000 

2x4500 

36 Passenger 

8, 970 

2x6000 

2x4500 

50 Passenger 

11,000 

2x6000 


75 Pass. (conv. ) 

19,640 

2x13,500 

2x10, 000 

100 Pass. (conv. ) 

26, 750 

2x13,500 


Twin-body 75 Pass. 

18,000 

2x13,500 

2x9, 000 

Twin— body 100 Pass. 

22,000 

2x13,500 

2x11, 000 


Wing and Airfoil Design 

A natural laminar flow airfoil similiar to the 
HSNLF ( 1 > —0213 is usod on all mam bars of tha eommmutar 
family. Appendix C prasants tha airfoil cross saction 
and design data. Tabla 2.2 contains Reynolds numbers for 
tha wings. Transition Reynolds numbers directly related to 
tha amount of laminar flow obtained on tha airfoil. These 
Reynolds numbers range from approximately 11 to 30 million. 
As the Reynolds number increases over the wing, less 
chordwise laminar flow is realized. 

To minimize induced drag an aspect ratio 12 cantilever 
wing was designed for all airplanes in the commuter family. 
The high aspect ratio translates into a relatively heavy 
wing. Appendix 0 contains a wing weight trade study. Table 

2.3 contains the wing planform geometry for all of the 
commuter family. 

2.5 Landing Sear 

All landing gear, nose and main, have the same 30 M x 
9" tire. The main gear wheel base and retraction scheme is 
desired to be the same. This allows for similar strut 
sizing for the airplanes. Appendix D contains the main 
gear retraction scheme for the commuter familuy. A landing 
gear tire size study is also included in Appendix 0. Table 

2.4 provides the number and size of the tires on each gear 
strut . 
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Table 2.2 — Uiina Reynold* Number* for the ComwatT Family 


Passenger Model 


R (xlO 6 ) 

root 

V . <Kl ° 

tip 

6 ) 

25 Pax 


16.9 


6.6 


36 Pax 


17.4 


7.0 


50 Pax 


19.9 


6.0 


75 Pax (conv. ) 


26.2 


11.3 


100 Pax (conv. ) 


32.9 


13.2 


Twin-body 75 Pax 


17.4 


7.0 


Twin-body 100 Pax 


19.9 


6.0 


Table g. 3 — Minn Geometry of the 

Commuter Family. 


Passenger 

Model 

Parameters 

25 

Pax 

36 50 

Pax Pax 

75 

Pax 

conv 

100 75 

Pax Pax 

conv twin 

100 

Pax 

twin 

Area, S (ft^> 

421 

449 591 

1176 

1604 722 

923 

Span, b (ft) 

71. 1 

73. 4 64. 3 

119 

139 105 

116 

Aspect rati Oy A 

12.0 

12.0 12.0 

12.0 

12. 0 15. 1 

15. 1 

MGC, c (ft) 

6. 26 

6. 50 7. 46 

10.5 

11.6 7.50 

6. 33 

Taper ratio* 

0.4 

0. 4 0. 4 

0.4 

* 

• 

o 

* 

a 

o 

0.4 

Leading edge 
sweep, (deg) 

15 

15 15 

15 

15 15 

15 

Dihedral, (deg) 

7 

7 7 

7 

7 7 

7 

Thickness, t/c 

. 13 

.13 .13 

. 13 

.13 .13 

. 13 
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g. fi Wino Torou* Box 

Figure g. 4 presents the g5, 36, and 50 passenger wing 
planforms with the torque boxes included. These wing 
planforms are also utilized on the twin body concepts 
presented in Chapter 3. A common wing carry thru structure 
is possible if these three planforms are used throughout 
the family. 

Figure g. 5 presents the wing cross sections. The 
torque box structure is common to all the wing sections. 

The L. E. and T. E. sections are faired in to retain as much 
of the NLF airfoil characterist ics as possible. Appendix G 
contains the design work computed for this proposal. 

£i-Z Tailcone Arrannements 

All airplanes in the family have the same fuselage 
tailcone on all the airplanes. It is desired to keep the 
vertical tail root spar locations identical positions on 
all tailcones. When Class II weight and balance work is 
concluded, a common empennage arrangement will be proposed. 
Table £. 5 contains empennage geometric data for the 
commuter family. 

Systems Commonality 

Common system design will be attempted for the 
following systems i 

1. Fuel system. 

2. Flight controls. 

3. Hydraulics. 

4. Pressurizat ion. 

5. De-icing. 

2- B- l Fuel System 

All airplanes in the commuter family carry fuel in the 
wing. Since a common wing torque box arrangement is 
proposed, some of the integral fuel tanks can possibly be 
the same on all airplanes. However, the varying wing spans 
and required fuel volumes will not allow for complete 
system commonality. Similar vents and access panels will 
be incorporated into all members of the family. Fuel flow 
rates will determine if similar fuel pumps can be used on 
all family members. 

g. 6. g Flight Control System 


A separate surface stability augmentation system is 
proposed to achieve identical handling qualities throughout 
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Tablg 2. 4~Landinq Gur Tire Si 2 es . 


Pas&tngcr Mods 1 

Nos* gear 


Main gear 
(per strut) 

25 Pam 

2 

M 

30" 

X 

9" 

2 

X 

30" 

X 

9" 

36 Pax 

2 

X 

30“ 

X 

9" 

2 

X 

30" 

X 

9" 

50 Pam 

2 

M 

30" 

X 

9" 

2 

X 

30" 

X 

9" 

Conv. 75 Pam 

2 

X 

30" 

X 

9" 

2 

X 

30" 

X 

9" 

Conv. 100 Pam 

2 

X 

30" 

X 

9" 

4 

X 

30" 

X 

9" 

Twin 75 Pam 

2 

X 

30" 

X 

9" 

2 

X 

30" 

X 

9" 

Twin 100 Pam 

2 

X 

30" 

X 

9" 

2 

X 

30" 

X 

9" 


tnn«p« Gtoiwtrv for the CowinutT Family . 


Patungcr 

Modal 

Parameters 

25 

Pam 

36 

Pam 

50 

Pam 

75 

Pam 

conv. 

100 

Pam 

conv. 

75 

Pam 

twin 

100 

Pam 

twin 

Horizontal Taili 








Area, S^ (ft 2 ) 

69 

69 

102 

134 

155 

102 

102 

Span, b H ( f t ) 

16.6 

16.6 

22.6 

26.7 

26.7 

22.6 

22.6 

MGC, e H (ft) 

4.20 

4.20 

4. 66 

5. 42 

5. 40 

4.66 

4.66 

Aspect ratio, A 

4. 0 

4. 0 

5. 0 

5.3 

5.3 

5.0 

5.0 

Taper ratio, X 

0.7 

0..7 

0.5 

0.35 

0. 35 

0.5 

0.5 

L. E. sweep, (deg) 

20 

20 

25 

22 

25 

25 

25 

Vertical tail* 








Area, Sy (ft 2 ) 

170 

130 

170 

363 

303 

130 

140 

Span, by (ft) 

14.0 

12.0 

15.4 

22.5 

20.6 

12.0 

15.4 

MGC, c v (ft) 

13.3 

11.9 

11.4 

16.4 

15.0 

11.9 

9. 40 

Aspect ratio, A 

1. 15 

1. 10 

1. 40 

1.40 

1.40 

1. 10 

1.70 

Taper ratio, X 

0. 3 

0. 3 

0.5 

0.6 

0.6 

0.3 

0. 5 

L. E. sweep, (deg) 

54 

56 

40 

42 

45 

56 

40 


IS 
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the passenger range. This system Mill make use of electro- 
hydrostatic actuation. A particualar actuator has not yet 
been decided upon. A control system design has not yet 
been completed. Figure 2. 6 shows a proposed separate 
surface stability augmentation system that could be 
incorporated into the commuters. 

£.8.3 Hydraulic System 

A common operating pressure hydraulic system will be 
implemented for the landing gear actuation. Further study 
is neccesary to determine the operating capabilities of 
this system. 

g- Qr 3 Pressurization System 

All passenger cabins in the family are pressurized to 
a 5000 ft. atmosphere at 30 f 000 ft. All airplanes 
willutilize the same pressurizat ion system. 

2.8.5 De— Icinp System 

The T. K. S. de-icing system, which will also double as 
a bug— cleaner, will be implemented into the commuter 
family. The T. K. S. system is a liquid ice protection 
system that distributes a solution onto the leading edge of 
the wing through a porous wing skin. Cleaning the leading 
edge is required to preserve the laminar flow over the 
wing. The L. E. volume of the wings will be checked to see 
if one size system can be implemented. 
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3. PRESENTATION OF CLASS I DESIGNS 
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The purpose of this chapter is to document seven class I 
conf igurat ions for the Advanced Technology Commuter Family. 
The reason for developing these baseline designs is to have a 
series of reasonably firm conf i gurat ions on which to perform 
realistic studies of the feasibility of achieving the 
commonality goals stated in Table 1.1. The baseline designs 
evolved from a set of mission specifications listed in Table 
3. 1 

Sections 3.1 through 3.7 address the class I design' 
evolution of these baseline designs. 

Section 3. 1 presents the £5 passenger model, the 
smallest capacity airplane in the family. The subject of 
section 3. £ is the 3£ passenger derivative. The 38 passenger 
conf igurat ion was used to develop a 75 passenger twin 
fuselage conf igurat ion. This 75 passenger conf i gurat ion is 
the subject of section 3.3. Section 3.4 presents the 50 
passenger derivative. Section 3.5 presents a 100 passenger 
twin fuselage design. This twin-fuselage was developed from 
the 50 passenger model. Section 3.8 and 3.7 presents 75 and 
100 passenger derivatives that are of conventional 
conf igurat ion. It was found that implementation of many 

commonality objectives were not possible with these large 
conventional conf igurat ions. A commonality analysis is the 
subject of chapter 5. 


I9PIE St l Mission Specification for the Commuter Family 


£5 P«x 36 pa* SQ pen 13 P«* 1PQ .p*x 


Payload (lbs) 51£5 

Crew (lbs) 410 

Range (n. m. ) 1100 

Altitude All 

Cruise Speed All 

Climb All 

T0FL, LFL All 

Powerplants (shp) 8000 

Derated (shp) 4500 

Pressurization All 

Cert i f i cat i on All 


7380 10£50 15375 £0500 

615 615 8£0 820 

1100 1100 1500 1500 

Cruise at 30,000 ft. 

Cruise at Mach .70 
Climb— out at 3000 fpm 
Field Lengths are 3,500 ft 
8000 6000 13500 13500 

4500 6000 9000 13500 

Pressurized 5000 ft at 30000 ft 
FAR £5 


3. 1 PRELIMINARY DESIGN OF THE 25 PQSSENIGER 
BASELINE CONF I GURAT I ON 


Figure 3.1.1 contains the class I 3-view for the 25 
passenger commuter. Table 3. 1. 1 contains the 'geometry of the 
conf i gurat ions 

3.1.1 INITIAL WEIGHT AND PERFORMANCE SIZING FOR THE 25 
PASSENGER BftSELINE CONFIGURATION 

3. 1.1.1 INITIAL WEIGHT SIZING 

Initial weight sizing was conducted using a method in 
Reference 1. The following assumptions were made for the 
airplane! 

1) (L/D) - 16 

Cr 

2) C “0.4 lbs/hp/hr 

P 

The above assumptions and the mission specifications, given 
in Table 3.1.2, yielded the airplane weights and 
sensitivities in Table 3.1.3. Appendix H, section H. 2 
contains output from XEWTDG, a computerized weight sizing 
method developed at the University of Kansas. 

3. 1.1.2 INITIAL PERFORMANCE SIZING 

XPRFRM, a computer program developed at the University 
of Kansas, was used to determine the required take-off power, 
Pj.q and wing area, S that meet the performance criteria given 

in Table 3.1.2. XPRFRM follows the method of Reference 1. 
Maximum lift coefficients and wing aspect ratio are also 
determined. Figure 3.1.2 shows the required power loading, 
wing loading combinations that satisfy the performance 
criteria. From Figure 3.1.2 it is determined that cruise 
speed and landing field length requirements are critical for 
this airplane. The results of the performance sizing effort 
are listed in Table 3.1.2. Appendix H, section H. 3 details 
the computer output of XPRFRM. 
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TABLE 3.1.1 TABLE OF GEOMETRY FOR THE 25 PASSENGER COMMUTER 



WINS 

HORIZONTAL 

.TAIl 

VERTICAL TAIL 

S ft 2 

421 

69 


170 

b ft 

71. 1 

16.6 


14 

c ft 

6. 28 

4.2 


13. 33 

c LE F. S. 

467 in 

962 

in 

795 in 

A 

12 

4 


1. 15 

a le 

15° 

20* 


54® 

X 

.4 

.7 


.3 

t/c 

• 13 root 

.11 


. 11 

Airfoi 1 

NLF 

NLF Csym) 

NLF (sym) 

r 

7° 

o® 


0® 

i 

O* 

0® 


0® 



elevator 

chord 

rudder chord 



ratio . 

36 

rat i o >35 

Spoil er-: chord 

ratio .08 




span 

ratio .50 to .90 



Flap: chord 

ratio . 15 




span 

rat io • 1 1 to 1. 

0 




FUSELAGE 

CABIN INTERIOR 

OVERALL 

Length ft 

69.4 

22.9 


74. 6 

Haight in. 

96 

76 


320 

Width in 

96 

91 


852 
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TABLE 3.1.2 MISSION SPECIFICATION FOR ft 25 PASSENGER 
ADVANCED TECHNOLOGY COMMUTER AIRPLANE 


PAYLOAD: 25 passengers at 175 lbs each with 30 lbs of 

baggage per passenger, carry-on luggage 
capability is required 

CREW: 2 pilots at 175 lbs each with 30 lbs of 

baggage each 


RANGE : 


1100 nm with maximum payload with 25% fuel 

reserves 


ALTITUDE: 
CRUISE SPEED: 
CLIMB: 

TAKE-OFF AND 
LANDING: 

POWERPLANTS : 


30,000 ft at the design range 

Mach ■ 0. 70 

climb rate of 3000 fpm 

3500 ft balanced field length 
advanced turboprops 


PRESSURIZATION: 5000 ft cabin at 30,000 ft 


CERTIFICATION 

BASE: FAR 25 


MISSION PROFILE: 


CRUISE 


CUHfc 


4 t>CSC£NT 


TAKf 

\ 2 B 

"T* • 

' TAK£-OFP 

*T*XT-U* 


AfJb SHOTfcbWfJ 


n 



TABLE 3.1.3 INITIAL SIZING PARAMETERS FOR THE 25 PASSENGER 
COMMUTER 


Weights: Take— off Weight — 

Operating Weight Empty - 
Payload Weight - 
Crew Weight - 
Mission Fuel Weight — 


u 

TO 

m 

21046 

lbs 

W 

OE 

• 

12154 

lbs 

W 

PL 

• 

5125 

lbs 

w 

CREW 

- 410 

lbs 


U F - 3767 lbs 


Wing Area - 8 ■ 421 ft^ 

Wing Aspect Ratio - A * 12 
Take-off Power - P^g ■ 6419 shp 

Required Lift Coefficients - 


Clean 

c u “ 

U MAX 

1.4 

Take-off 

C L * 

MAX 

1.4 

Landing 

C L “ 

MAX 

2.2 


Take-off Weight 


Sensitivities - 



- 20026.3 


< lb/lb/hp/hr) 


AU 

—TP . 


6U 


ie_ 


6 (L/D) 



9424.2 (lbs) 


- -500.7 (lbs) 
7.3 (lb/nm) 


3.1.2 FUSELAGE AND COCKPIT LAYOUTS 


The 25 passenger airplane has the same flight deck 
layout and fuselage cross section as the rest of the commuter 
family. The cockpit design and the fuselage cross section 
are contained in Appendix A. The lengths of the fuselage and 
cabin are given in Table 3. 1. 1. 

The design methodology followed the steps in 
Reference 2. and 3. 


3.1.3 ENGINE SELECTION 


The commuter family will be powered by 2 advanced 
turboprop engines. The 25 passenger requires the use of two 
6000 shp turboprops. 

Appendix B contains engine data for the airplane. 
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3. l.A MING AND FLOP DESIGN 
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Table 3. 1. 1 presents the geometry of the wing and flaps. 
Parameters such as leading edge sweep and wing thickness were 
dictated by the selection of an NLF Airfoil. Appendix C 
contains the airfoil cross section and airfoil parameters. 
Wing parameters were selected using the method of 
Reference 2. chapter 6. 

The flaps were sized to a C, m 2.2. This required 

S»ax l 

the use of fowler flaps. The sizing methods used are 
contained in chapter 7 of Reference 2. The design 
calculations are in Appendix H, section H. 4. 

3.1.5 DESIGN OF THE EMPENNAGE 

Table 3. 1. 1 shows the empennage for the 25 passenger 
airplane. Initially the V— bar method of chapter 8 in 
Reference 2. was used to size the empennage. The design 
calculations are in Appendix H, section H. 5. The initial 
tail areas that resulted are listed belowi 

S H - 51 ft 8 
S y - 57 ft 2 

The empennage was redesigned from stability and control 
cons i derat i ons. These considerations are discussed in ' 
sect i on 3. 1 . 9. 

3.1.6 CONTROL SURFACE SIZING 

3. 1.6. 1 LATERAL - DIRECTIONAL CONTROLS 

Since full span flaps were required for landing, 
spe lers were used in place of ailerons. The spoiler 
geometry was determined from chapter 8 of Reference 2. 

Spoiler geometry is contained in Table 3.1.1. The rudder was 
also sized from methods in chapter 8 of Reference 2. Its 
geometry is contained in Table 3. 1. 1. 

3. 1.6.2 LONGITUDINAL CONTROLS 

The elevators were sized using methods in chapter 8 of 
Reference 2. The geometry of the elevator is contained in 
Table 3. 1. 1 

3.1.7 LANDING GEAR DESIGN 

From Reference 2. chapter 9. it was determined that a 
30“ x 9“ tire could be utilized for the nose and main landing 
gear on every airplane of the commuter family. A preliminary 
retraction scheme for the main gear is shown in Appendix D. 
The gear placement was dictated by the weight and balance 
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calculations shown in section 3.1.8. Lateral tip-over, and 
longitudinal gear placement criteria given in Reference 2. 
Mere met. Appendix H, section H. 8 contains the lateral tip- 
over calculations. 


3.1.8 CLASS 1 WEIGHT AND BALANCE CALCULATIONS 

Class I component weights were calculated by averaging 
typical take-off weight fractions of commuter airplanes. . 
Appendix F contains the class I weight fractions for the 
commuter family. Using methods in chapter 10 of Reference 
A preliminary weight and balance of the 25 passenger commut 
was determined. Component weights and center of gravity 
locations are contained in Table 3.1.4. A general 
arrangement drawing is contained in Figure 3.1.3. The center 
of gravity excursion diagram is contained in Figure 3.1.4. 

The 25 passenger commuter has a 13.4" excursion range. This 

is . 18 c . 

w 

3.1.9 STABILITY AND CONTROL RESULTS 

A class I stability and control analysis was performed 
using the methods of Reference 2. chapter 11. Table 3.1.5 
contains geometric quantities and stability derivatives 
necessary to size the empennage from stability and control 
considerat ions. Design calculations are located in 
Appendix H, section H. 7. 

3. 1. 9. 1 LONGITUDINAL STABILITY 

From methods in chapter 11. of Reference 2. the 
horizontal tail was resized to incorporate a desired static 
margin of 5*. Appendix H, Figure H. 2 presents the 
longitudinal X— plot for the airplane. From this plot it is 

g 

seen that a tail area of 88 ft is required. Because this 
required horizontal tail area is very similar to that 
required for the 38 passenger conf igurat ion, it was decided 
to implement the tail required for the 38 passenger airplane 
on both conf igurat ions. This is a very acceptable compromise 
between performance requirements and commonality. 

3. 1.9.2 LATERAL - DIRECTIONAL STABILITY 

From methods in chapter 11 of Reference 2. the vertical 
tail area required to hold engine— out flight was determined 
to be critical. Appendix H, section H. 7 details the engine- 
out calculations. The engines were put at a five degree cant 
to lessen the thrust moment arm about the C. G. This allowed 
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TABLE 

3. 1. 4 

25 PASSENGER COMMUTER 



CLASS 

I 

WEIGHT 

AND BALANCE CALCULATION 


# 

COMPONENT 


W. 

i 

X . 
1 

W. x . 

i i 

z . 
1 

W . z . 

l l 

1. 

Fuselage 


2526 

487 


120 


2. 

Wing 


2294 

520 


110 


3. 

Empennage 


566 

920 


252 


4. 

Engine 


2526 

520 


232 


5. 

Nose Gear 


2 aa 

250 


65 



Main Gear 


575 

550 


65 


6. 

Fixed eqpt. 


2862 

487 


124 


Empty Weight* 

- 

11639 


6041166 

X ■ 

Cft we 

519 

• 






Z » 

c *»we 

146 

7. 

Trp. fuel/oil 

105 

555 


110 


a. 

Crew 


410 

195 


124 


Operating Weight 

Empty* W QE - 12154 

6179391 

X » 

eg 

■woe 

508 







2 

eg 

■woe 

145 

9. 

Fuel 


3767 

520 


110 



y + u 

OE F 

“ 

15921 


8138231 

X CQ “ 511 

"woe+wf 

10. 

Passengers 


5125 

472 


124 



W + W 

OE pax 

“ 

17279 


8598391 

X « 4« 

co 

a woe+wpax 

Take-off Weight i 

W 

TQ - 21046 

10557231 

X 

CJ »wto 

- 502 







CB *to 

- 133 


25 



















TABLE 3.1.5 STABILITY AND CONTROL RESULTS FOR THE 
£5 PASSENGER COMMUTER 


S - 421 ft 

c - 6. 28 ft 

b - 71. 1 ft 
2 


S, 


H 


69 ft' 


S v - 170 ft 


2 


AX 


AC 


B 


AC 


MB 


AC, 


AC. 


» -.34 
■ -.09 
» .45 
• 6.30 


F. S. 487 - LE c 


F. S 521 


4.71 rad 


-1 


‘W 


H 


■ 3.41 rad 


-1 


C^ ■ 1 . 46 rad 
“V 

C “ . 084 rad * 
"fl 


-1 


H ■ 

da 

X__ 

C6 


.22 

- .32 


F. S. 511 


ift 


X y - 31.4 ft 


All results calculated from References 5. and 6. 
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9 

for* a vortical tail area of 170 ft . Appendix H, Figure H. 3 

contains a directional X— plot for the airplane. It can be 

2 -1 
seen that 170 ft vertical tail yields a e ■ .0015 deg 

n fl 


3.1.10 CLASS I DRAG POLARS 

From methods in Reference 2 chapter 12. component wetted 
areas were calculated. See Table 3. l.S. and Appendix H f 
section H. S. From the total airplane wetted area and 
assuming a skin friction coefficient of .0025, C^ for the 

airplane was calculated. Table 3.1.7 contains the take-off, 
cruise, and landing drag polars computed during the initial 
performance sizing. These drag polars are compared to the 
drag polars computed from wetted area considerat ions. These 
class I drag polars more accurately represent the airplane. 
Changes to for take-off and landing polars are given in 

o 

Appendix H, section H. 6. 

TABLE 3.1.6 WETTED AREA BREAKDOWN 


COMPONENT 

Wing 

Horizontal Tail 
Vertical Tail 
Fuselage 
Engine Nacelles 
Ennine Pylons 


WETTED AREA (ft 2 ) 
717 
142 
349 
1471 
90x2 

fifi 


Total 2939 

From Figure 3.21 Reference 1, assuming a ■ .0025. 
f - 7.2 ft 2 

C_ - f/S « 7.2/421 - .0171 

o 

Now the drag polars can be calculated. 


TABLE 3. 1.7 DRAB POLAR COMPARISON 


FLIGHT 

CONDITION 

lamAi 


(L/D> «.X 

GLBSS l 

(L/D) 

max 

T ake-of f 

Cjj". 0362+. 0332 

C L 

14.4 

C D «. 0321 +.0332 

< 

15.3 

Cruise 

Cjj“. 0162+. 0312 

< 

22.2 

C D «. 0173+ . 0312 

c t 

21. 5 

Landing 

C D «. 0662+ . 0332 

«? 

10.7 

C D «. 1071+.0332 

< 

8.4 


Assuming a C. 


. 3 


teicmt, page 

OOR QUALITY 


■CR 


(L/D> cr - 14.9 


During initial take-off weight sizing (L/D)^ R was 


Ths sensitivities to given in Table 3.1.3 show thati 


assumed to be 16. 
“he 

aw 


HflL 


■ -500. 7 lbs 


d (L/D> 

Therefore for the baseline eonf igurat ioni 


A<L/D> cr - 14.9 - 16 - -1.1 

AU 

AW - A(L/D>__ ° TO - 551 lbs 

T0 CR 6 <L/D) 

Since W T q * 21046 lbs, the reduction in <L/D> CR causes a 2.6% 
increase in W T g. This small change does not warrant resizing 
of the airplane take-off weight. 

i 
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3. g PRELIMINARY DESIGN OF THE 36 PASSENGER 
BASELINE CONFIGURATION 


Figure 3. £. 1 contains the class I 3-view for the 36 
passenger commuter. Table 3.2.1 contains the geometry of the 
conf i g urat i ons 

3.2.1 INITIAL ME I SHT AND PERFORMANCE SIZING FOR THE 36 
PASSENGER BASELINE CONFIGURATION 

3.2. 1.1 INITIAL HEIGHT SIZING 

Initial weight sizing was conducted using a method in 
Reference 1. The following assumptions w ere made for the 
airplanes 

1) (L/D) - 16 

Cl* 

2) C - 0.4 lbs/hp/hr 

P 

The above assumptions and the mission specifications, given 
in Table 3.2.2, yielded the airplane weights and 
sensitivities in Table 3.2.3. Appendix I, section 1.2 
contains output from XEUT06, a computerized weight sizing 
method developed at the University of Kansas. 

3.2. 1.2 INITIAL PERFORMANCE SIZING 

XPRFRM, a computer program developed at the University 
of Kansas, was used to determine the required take-off power, 
P^q and wing area, S that' meet the performance criteria given 

in Table 3.2.2. XPRFRM follows the method of Reference 1. 
Maximum lift coefficients and wing aspect ratio are also 
determined. Figure 3.2.2 shows the required power loading, 
wing loading combinations that satisfy the performance 
criteria. From Figure 3.2.2 it is determined that cruise 
speed and landing field length requirements are critical for 
this airplane. The results of the performance sizing effort 
are listed in Table 3.2.2. Appendix I, section 1.3 details 
the computer output of XPRFRM. 
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TABLE 3 .2.1 TABLE OF GEOMETRY FOR THE 36 PASSENGER COMMUTER 



WING 

HORIZONTAL TAIL 

VERTICAL TAIL 

2 

S ft 

449 

69 

130 

b ft 

73.4 

16.6 

12 

c ft 

6.5 

4.2 

11. 66 

c LE F. S. 

571 

1060 

936 

A 

12 

4 

1. 1 

III 

V* 

15° 

20® 

58® 

X 

.4 

.7 

. 3 

t/c 

.13 root 

. 11 

- 11 

Airfoi 1 

NLF 

NLF (sym) 

NLF <sym) 

r 

7° 

0® 

0® 

i 

3° 

0* 

0® 

Spoiler* chord 

span 

elevator chord 
ratio .36 

ratio . 12 
ratio .56 to .66 

rudder chord 
rat i o .35 

Flap* chord 

span 

ratio .25 
rat io . 1 1 to 1. 

0 



FUSELAGE 

CABIN INTERIOR 

OVERALL 

Length ft 

76. 1 

36.7 

66. 0 

Height in 

96 

76 

290 

Width in 

96 

91 

aai 
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TABLE 3. g.g MISSION SPECIFICATION FOR ft 36 PASSENGER 
ADVANCED TECHNOLOGY COMMUTER AIRPLANE 


PAYLOAD: 

36 passengers at 175 lbs each with 30 lbs 
baggage per passenger, carry-on luggage 
capability is required 

CREW: 

2 pilots and 1 flight attendant at 175 lbs 
each with 30 lbs of baggage each 

RANGE : 

1100 nm with maximum payload with 25* fuel 
reserves 

ALTITUDE: 

30,000 ft at the design range 

CRUISE SPEED: 

Mach * 0. 70 

CLIMB: 

climb rate of 3000 fpm 

TAKE-OFF AND 
LANDING: 

3500 ft balanced field length • 

POWERPLANTS: 

advanced turboprops 

PRESSURIZATION: 

5000 ft cabin at 30, 000 ft 

CERTIFICATION 

BASE: 

FAR 25 

MISSION PROFILE: 



CUHfe 


I 


TAM 

2 


^ TAKE -OFF 

*TMbT-UF 


CRUISE 


4 DESCENT 


LAwbuJC, tm » 

Awb Shut^owck 1 
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TABLE 3.2.3 INITIAL SIZING PARAMETERS FOR THE 36 PASSENGER 
COMMUTER 


Weights: 


Take-off Weight - 

Li m 

TO 

31395 lbs 

Operating Weight Empty - 

w * 

0E 

18395 lbs 

Payload Weight - 

W ~ 

PL 

7380 lbs 

Crew Weight - 

W 

"crew 

- 615 lbs 

Mission Fuel Weight — 

Wp * 5620 lbs 


Wing Area - S ■ 449 ft 2 
Wing Aspect Ratio - A * 12 
Take-off Power - P TQ ■ 8970 shp 

Required Lift Coefficients - 

Clean C. >1.4 

L MAX 

Take-off C - 1.4 

MAX 

Landing C, >3.0 

*“MAX 


Take-off Weight 


Sensitivities - 



6C 


P 


30976.4 (lb/lb/hp/hr) 


ii!ia . 

*'p 
6 (L/D) 


6R 


3.2.2 FUSELAGE AND COCKPIT LAYOUTS 


-14577.1 (lbs) 

. -744.4 (lbs) 
11.3 ( lb/nm) 


The 36 passenger airplane has the same flight deck 
layout and fuselage cross section as the rest of the commuter 
family. The cockpit design and the fuselage cross section 
are contained in Appendix A. The lengths of the fuselage and 
cabin are given in Table 3.2.1. 

The design methodology followed the steps in 
Reference 2. and 3. 
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The commuter family will be powered by 2 advanced 
turboprop engines. The 36 passenger requires the use of two 
6000 shp turboprops. 

Appendix B contains engine data for the airplane. 

3.2.4 WING AND FLAP DESIGN 

Table 3.2.1 presents the geometry of the wing and flaps. 
Parameters such as leading edge sweep and wing thickness were 
dictated by the selection of an NLF Airfoil. Appendix C 
contains the airfoil cross section and airfoil parameters. 
Wing parameters were selected using the method of 
Reference 2. chapter 6. 

The flaps were sized to a C, • 3.0. This required 

u max l 

the use of fowler flaps. The sizing methods used are 
contained in chapter 7 of Reference 2. The design 
calculations are in Appendix I, section 1.4. 

3.2.5 DES 16N OF THE EMPENNAGE 

Table 3.2.1 shows the empennage for the 36 passenger 
airplane. Initially the V-bar method of chapter 6 in 
Reference 2. was used to size the empennage. The design 
calculations are in Appendix I, section 1.5. The initial 
tail areas that resulted are listed belows 

S H - 69 ft 2 
S v - 78 ft 2 

The empennage was redesigned from stability and control 
considerat ions. These cons i derat i ons are discussed in 
section 3.2.9. 

3.2.6 CONTROL SURFACE SIZING 

9t 8t frt 1 LATERAL - DIRECTIONAL CONTROLS 

Since full span flaps were required for landing« 
spoilers were used in place of ailerons. The spoiler 
geometry was determined from chapter 8 of Reference 2. 

Spoiler geometry is contained in Table 3.2.1. The rudder was 
also sized from methods in chapter 8 of Reference 2. Its 
geometry is contained in Table 3.2.1. 

3. 2. 6. 2 LONGITUDINAL CONTROLS 

The elevators were sized using methods in chapter 8 of 
Reference 2. The geometry of the elevator is contained in 
Table 3.2. 1 


3.2.7 LANDING BEAR DESIGN 
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From Reference 2. chapter 9. it was determined that a 
30“ x 9“ tire could be utilized for the nose and main landing 
gear on every airplane of the commuter family. A preliminary 
retraction scheme for the main gear is shown, in Appendix D. 
The gear placement was dictated by the weight and balance 
calculations shown in section 3. 2. 8. Lateral tip-over, and 
longitudinal gear placement criteria given in Reference 2. 
were met. Appendix I, section I . & contains the lateral tip- 
over calculations. 

3. 2. 6_. CLASS I WEIGHT AND BALANCE CALCULATIONS 

Class I component weights were calculated by averaging 
typical take-off weight fractions of commuter airplanes. 
Appendix F contains the class I weight fractions for the 
commuter family. Using methods in chapter 10 of Reference 2. 
A preliminary weight and balance of the 3£ passenger commuter 
was determined. Component weights and center of gravity 
locations are contained in Table 3.2.4. A general 
arrangement drawing is contained in Figure 3.2.3. The center 
of gravity excursion diagram is contained in Figure 3.2.4. 

The 36 passenger commuter has a 22” excursion range. This is 

. 28 c . 
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3.2.9 STABILITY AND CONTROL RESULTS 

A class I stability and control analysis was performed 
using the methods of Reference 2. chapter 11. Table 3.2.5 
contains geometric quantities and stability derivatives 
necessary to size the empennage from stability and control 
cons i derat ions. Design calculations are located in 
Appendix I, section 1. 7. 

3. 2. 9.1 LONGITUDINAL STABILITY 

From methods in chapter 11. of Reference 2. the 
horizontal tail was resized to incorporate a desired static 
margin of 5%. Appendix I, Figure 1.2 presents the 
longitudinal X-plot for the airplane. From this plot it is 

2 2 

seen that a tail area of 62 ft is required. Since 69 ft 
was the original estimate, it was decided that not enough 
area change occurred to warrant resizing the horizontal tail. 

3. 2. 9. 2 LATERAL - DIRECTIONAL STABILITY 

From methods in chapter 11 of Reference 2. the vertical 
tail area required to hold engine-out flight was determined 
to be critical. Appendix I, section 1.7 details the engine- 
out calculations. The engines were put at a five degree cant 




TABLE 3.2.4 36 PASSENGER COMMUTER 

CLASS I WEIGHT AND BALANCE CALCULATION 


« COMPONENT 

W. 

i 

X . 
1 

W . x . 
i l 

2 . W. 2 . 

1 _ l 1 

1. Fuselage 

3767 

541 


191 

2. Wing 

3422 

610 


166 

3. Empennage 

847 

1045 


320 

4. Engine 

4105 

700 


276 

5. Nose Gear 

429 

125 


137 

Main Gear 

858 

620 


137 

6. Fixed eqpt. 

4270 

525 


191 

Empty Weight i W^ * 

17698 


10741347 

X - 607 

■we 

Z_ - 208 

®we 

7. Trp. fuel/oil 

82 

655 


166 

6. Crew 

615 

200 


191 

Operating Weight Empty t W 

QE « 18395 

10918057 

X ■ 594 

c ®woe 

Z - 207 

C ®woe 

9. Fuel 

5620 

605 


166 

W + U m 

OE F 

24015 

■ 

14318157 

X - 596 

■woe+wf 

10. Passengers 

7380 

525 


191 

W__ W - 

OE pax 

25775 


14792557 

X - 574 

c ®woe+wpax 


Take-off Weight i W__ - 31395 18192657 X - 579 

T0 C «wto 

c ®wto 


196 















TABLE 3. g. 5 STABILITY AND CONTROL RESULTS FOR THE 
36 PASSENGER COMMUTER 


S - 449 ft 
c ■ 6.5 ft 
b « 73.4 ft 
S H - 69 ft 8 
S v - 130 ft 2 

AC B - -• 33 


AC, 


MB 


AC, 


oa 


.43 


F. S. 571 - LE c 


F. S 604 


X - r - 6- 40 
HC H 


C, - 4.71 rad 

a W 

C. - 3.41 rad 


-1 


-1 


C, • 1 . 46 rad 

. 


-1 


C - . 178 rad 


-1 


Si - - 836 


CG 


. 33 F. S. 597 


aft 


X v - 34.67 ft 

*A11 result* calculated from References 5. and 6. 
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to lessen the thrust moment arm about the C. G. This allowed 

2 

for a vortical tail area of 130 ft . Appendix I, Figure 1.3 
contains a diractional X— plot for tha airplana. It can ba 


saan that 130 ft vartical tail yialds a c 


0030 dag 


From mat hods in Rafaranca 2 chapt ar 12. componant watt a 
araas wara calculatad. Saa Tabla 3.2.6. and Appendix I, 
saction 1.6. From tha total airplana wattad araa and 
assuming a skin friction coafficiant of . 0025* for tha 

o 

airplana was calculatad. Tabla 3.2.7 contains tha taka— off, 
cruise, and landing drag polars computad during tha initial 
performance sizing. These drag polars are compared to tha 
drag polars computad from wattad araa considarat ions. These 
class I drag polars more accurately represent tha airplana. 
Changes to for taka-off and landing polars are given in 

o 

Appendix I, saction 1.8. 


TABLE 3 


WETTED AREA 




Wing 

Horizontal Tail 
Vartical Tail 
Fuselage. 

Engine Nacelles 
Engine Pylons 


WETTED AREA <ft & ) 
788 
142 
267 
1702 
90x2 


Total 


3203 


From Figure 3.21 Rafaranca l t assuming a 


0025. 


7.8 ft* 
- f/S 


- 7.8/449 - .0174 


Now tha drag polars can ba calculatad. 




INITIAL 


CL/D) 


CLASS I 


CL/D) 


C -. 0408+. 0332 cf 13.6 C_». 0324+. 0332 cf 15.2 

D L D L 

C -.0241+. 0312 cf 18.2 C -. 0176+. 0312 cf 21.3 

D L D L 


C D «. 1076+.0332 C* 8.4 C D «. 1074+. 0332 8.4 
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Assuming a C 


- .3 


(L/D) , 


14. 7 


During initial take-off weight sizing <L/D>£ R was 
assumed to be 16. 

The sensitivities to given in Table 3. 2. 3 show that i 


6 (L/D ) ’ - 7 * 4 - 4 lb ‘ 

Therefore for the baseline eonf igurat ion* 


A<L/D> cr » 14.7 - 16 • -1.3 


Since W„ 


A(L/D)__ TO - 966 lbs 
C 4 CL/D) 

3139S lbs, the reduction in (L/D) 


a 3% 


increase in W^g. This 3* change does not warrant resizing of 
the airplane take— off weight. 
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3.3 PRESENTATION OF THE 75 PASSENGER 
TWIN-BODY CONFIGURATION 


This section presents the class I design of a 75 
passenger twin— body conf i gurat ion. A class I 3— view is shown 
in Figure 3. 3. 1, with the corresponding geometric data in 
Table 3.3.1. The most significant advantage of this 
conf i gurat ion is commonality. Major components of the 36 
passenger design are used in the 75 passenger twin-body 
conf i gurat ions 

Common s Fuselage 

Wing (outboard section) 

Vertical Tail 
Horizontal Tail 
Cockpit 


3.3.1 INITIAL WEIGHT AND PERFORMANCE SIZING FOR THE 75 
TWIN-BODY BASELINE CONFIGURATION 

3 . 3 . 1.1 INITIAL WEIGHT SIZING 


The weight sizing methods in Reference 1. are empirical, 
using data from past airplanes. Since a data base on twin- 
body airplanes is nearly non— existent, this method was not 
used. To estimate the twin— body weight the 36 passenger 
airplane weights were doubled. Then adjustments for specific 
components were mades 


Wing -1920 lbs 
Eng i nes +260 1 bs 
Fixed Equipment -601 lbs 


(lighter center section) 
(larger engines) 

(1 cockpit) 


Total Reduction -2461 lbs 


The mission specif icat ion and a typical mission profile are 
given in Table 3.3.2. Mission weights and performance 
estimates are presented in Table 3.3.3. 

3«_3. 2_FUSELA6E AND COCKPIT LAYOUTS 

The 75 passenger twin— body eonf igurat ion will use only 
one cockpit. The space allotted for the cockpit in the 
second fuselage will be replaced with passenger seats. The 
cockpit and fuselage cross sections are common with the other 
airplanes in the commuter family. These cross sections are 
shown in Appendix A. Fuselage and cabin dimensions are given 
in Table 3. 3. 1. 


3.3.3 ENGINE SELECTION 

The twin-body conf i gurat ion had the possibility of using 
3 engines. However, a suitable engine arrangement with 3 
engines was not found, so 2 larger engines were used. Using 


TABLE. 3. 3. 1 TABLE OF GEOMETRY FOR THE 75 PASSENGER 
TWIN-BODY CONFIGURATION 



WING 

HORIZONTAL TAIL 

VERTICAL TAIL 

p 

S ft e * 

722 

2x102 


2x130 

b ft 

104. 5 

22.6 


12 

e ft 

7.5 

4.68 


11.88 

c LE F. S. 

571 

1080 


938 

A 

15. 1 

5.0 


1. 1 

*LE 

15® 

25® 


58® 

X 

.4 

.50 


.3 

t/c 

. 13 root 

.11 


. 11 

Airfoi 1 

NLF 

NLF (sym) 


NLF (sym) 

r 

7° 

0® 


0® 

i 

— 

0® 


0® 



elevator chord 

rudder chord 



rat i o .36 


rat i o .35 

Spo i 1 er s chord 

rat io .12 




ik pan 

ratio .58 to .88 (outboard section) 


Flap: chord 

ratio .25 




span 

rat io . 1 1 to 1. 

0 (outboard section) 



FUSELAGE 

CABIN INTERIOR 


OVERALL 

Length ft 

78. 1 

36.7 


86.0 

Haight in 

98 

76 


290 

Width in 

96 

91 


881 




TABLE 3.3.5 MISSION SPECIFICATION FOR ft 75 PASSENGER 
ADVANCED TECHNOLOGY COMMUTER AIRPLANE 


PAYLOAD: 75 passengers at 175 lbs each with 30 lbs of 

baggage per passenger, carry-on luggage 
capability is required 

CREW: 2 pilots and 2 flight attendants at 175 lbs 

with 30 lbs of baggage each 

RANGE: 1500 nm with maximum payload and 25% fuel 

reserves 


ALTITUDE: 30,000 ft at the design range 

CRUISE SPEED: Mach .70 


CLIMB: climb rate of 3000 fpm 

TAKE-OFF AND 

LANDING: 3500 ft balanced field length 

POWERPLANTS: Advanced turboprops 

PRESSURIZATION: 5000 ft cabin at 30,000 ft 


CERTIFICATION 

BASE : FAR 25 


MISSION SPECIFICATION: 




T ABLE 3.3.3 


INITIAL SIZING PARAMETERS FOR THE 75 PASSENGER 
TNI N— BODY CONFIGURATION 


Take-off Weight - 

W TQ - 80683 

lbs 

Operating Weight Empty - 

W QE - 34068 

lbs 

Payload Weight - 

W pL « 15375 

lbs 

Crew Weight - 

U m Ago 

"crew 

lbs 

Mission Fuel Weight - 

w p - 11240 

lbs 


Wing Area - S « 728 ft 

Wing Aspect Ratio - A ■ 15.1 

Take-off Power — * 18000 shp 

Required Lift Coefficients - 


Clean 

\ 

l max 

1.4 

[ Take-off 

\,AX" 

1.4 

. Land i ng 

C L " 

3.0 

1 

•"MAX 



two engines also improves the possibility of complete cockpit 
commonality and pilot cross rating. Two 13500 shp engines 
will be used. Data for these engines is contained in 
Append i x B. 

3.3.4 WING AND FLAP DESIGN 


The wing of the 75 passenger twin-body may be broken 
into 2 outboard sections, and an inboard section. The two 
outboard sections are identical to the wing for the 38 
passenger airplane (see seetion 3.2.4). The inboard section 
is a straight wing that joins the two fuselages at the wing 
boxes. This section also transmits loads, and damps 
vibrations, between the two fuselages. 

To achieve a high lift coefficient for landing, full 
span fowler flaps along both inboard and outboard wings will 
be required. 

Data for the outboard wings (38 passenger) are given in 
Table 3.2.1. The 75 passenger twin— body wing data is 
presented in Table 3.3.1. Appendix C contains airfoil 
section data for the NLF airfoil. 

3.3.5 DESIGN OF THE EMPENNAGE 

The empennage designed for the 36 passenger airplane 
will be used on each fuselage of the 75 passenger twin-body. 
This will increase the commonality between the two airplanes. 
Stability and control considerat ions for the 75 passenger 
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twin— body may require fur the- modi f icat ions to the empennage, 
which are discussed in section 3.3.9. 


3.3.6 CONTROL SURFACE SIZING 

3. 3. 6.1 LATERAL - DIRECTIONAL CONTROLS 

The lateral— direct ional controls used on the 36 
passenger wing (spoilers) will also be used on the outboard 
75 passenger twin-body wings. Although the moment of inertia 
for the twin-body is much greater, the distance of the 
spoilers from the C. 6. is also larger. Additional lateral- 
directional control power may be required. Increasing the 
spoiler span may solve this problem. Spoiler geometries are 
given in Table 3.3.1. 

3. 3. 6. 8 LONGITUDINAL CONTROLS 

The elevators used on the 36 passenger airplane will 
also be used on each of the horizontal tails. Elevator 
geometry is presented in Table 3.3.1. 

3. 3. 7 LANDING SEAR DESIGN 

As with the rest of the commuter family, a 30"x9" tire 

will be used for both main and nose gears. The gear location 

will be common with the 36 passenger airplane to retain 
commonality. Since the main gears are far from the C. G. , 
lateral tip-over is not a concern. A gear retraction scheme 
is shown in Appendix D. 

3.3.6 CLASS I WEIGHT AND BALANCE CALCULATIONS 

A class I weight and balance calculation was done using 

the method of chapter 10 in Reference 8. The component 
weight estimates are listed in Table 3.3.4. Figure 3.3.8 
shows the general arrangement and C. 6. locations of the 

components in Table 3.3.4. There is a 83.7" (.26 c^) C. G. 

travel range between W__ and W__ * W . The C. G. excursion 

UC UL pAK 

diagram is shown in Figure 3.3.3. 

3.3. 9 STAB I L I T Y AND CONTROL RESULTS 

Table 3.3.5 contains the geometric quantities and 
stability derivatives used in the stability and control 
calculations. The methods of chapter 11 in Reference 8 were 
used for the class I calculations. The design calculations 
are located in section M. 8 of Appendix M. 


ORIGINAL PAGE IS 
OE POOR QUALITY 






TABLE 3.3.4 7S PASSENGER THIN BODY 
CLASS X WEIGHT AND BALANCE CALCULATION 


« 

Component 

W. 

i 

X . 
1 

W. x . 
i i 

2 i 

Vi 

1. 

Fuselage 

7534 

541 

4076000 

191 

1440000 

2. 

Wing 

4923 

610 

3003000 

166 

820000 

3. 

Empennage 

1695 

1045 

1771000 

320 

540000 

4. 

Engine 

8470 

700 

5929000 

276 

2340000 

5. 

Nose Gear 

858 

195 

167000 

137 

117000 


Main Gear 

1716 

640 

1096000 

137 

350000 

6. 

Fixed eqpt. 

7739 

525 

4063000 

191 

1460000 

Empty Weight i W^ 

- 32935 


20107000 

X - 

eg 
■we 

610.5 







211 

7. 

Trp. fuel/oil 313 

655 

210000 

166 

50000 

8. 

Crew 

820 

200 

160000 

191 

160000 

Operating Weight 

Empty* W QE - 

34066 

20477000 

X eg " 

■wee 

601 






Z cg " 
■woe 

' 210 

9. 

Fuel 

11240 

630 

7080000 

166 

1870000 


W__ + W_ - 45306 27557000 X - SOB 

0E F C «woe+wf 

10. Passengers 15375 525 B070000 191 2940000 


W 0E + W pax - 49443 


26547000 


X - 577 

CO 

a wo»Htpax 


Take-off Weight I W TQ - 60663 


35627000 


e B 


wto 


eg 


wto 


587 

198 
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3.3.9. 1 LONGITUDINAL STABILITY 




I 

V 

I 

H 

I 

n 

i 

i 


It was originally envisioned that the horizontal tail of 
the 36 passenger airplane could be used on the 75 twin-body 
conf igurat ion. However, from stability and control 
calculations using the methods of chapter 11 in Reference 8, 
this was not possible. These calculations and the 
corresponding X— plot are located in section M. 8 of 
Appendix M. From the X— plot, a 5* static margin would 

9 

require a horizontal tail area of 190 ft . To preserve 

2 

commonality, two 10S ft horizontal tails from the 50 
passenger airplane will be used. 

3. 3. 9. 8 LATERAL - DIRECTIONAL STABILITY 

Using the method of chapter 11 in Reference a, the 
engine out for the 75 passenger twin— body is critical for the 
vertical tail sizing (see Appendix M, section M. 8) . If the 
vertical tails designed for the 36 passenger airplane are 
used, a 87° rudder deflection is required to hold engine out. 
From the directional X— plot located in Appendix M, Figure M. 3 

9 

a total vertical tail area of 860 ft (8x130) produces a 

C « .0018 deg” 1 . 

8 

3.3.10 CLASS I DRAG POLARS 

The component wetted areas were calculated using the 
method of chapter 18 in Reference a, and are listed in 
Table 3.3.8. A skin friction coefficient of f ■ .0085 is 
assumed. The increments in Cp due to flaps, gear, and 

compressibility are identical to those used in section 
3.8.10. Table 3.3.7 lists the drag polars for take-off, 
cruise, and landing computed for this conf igurat ion. The 
engineering calculation for the drag polars are located in 
Appendix M, section M. 3. 

Assuming 40* of the take-off fuel weight has been used, 
the cruise lift coefficient is C, “ 0.36. The lift to drag 

cr 

ratio is them 

(L/D) - 15.3 

C1^ 

From Figure 3.81 Reference 1, assuming a c^ ■ .0085. 
f - 14.5 ft 2 

C D - f/S ref “ 14. 5/788 - .0801 
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i 
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TABLE 3.3.6 WETTED AREA BREAKDOWN 


COMPONENT 

Wing 

Horizontal Tail 
Vortical Tail 

Fuselage 

Engine Nacelles 
Engine Pylons 

Total 


WETTED AREA (ft 2 ) 
100£ 

420 

534 

3404 

248 

4fiQ 

£092 


TABLE 3.3.7 
CONDITION 

Take-off 

Cruise 


DRAB POLAR COMPARISON 
CLASS I 

C 0 - .0351 + . 02S4 C* 

C_ - .0203 * .024 B cf 
D L 

C D « .1101 + . 02S4 C* 


(L/D) 
16. 4 
22.3 


wax 


Landing 


9.3 


3,4 PRESENTATION OF THE 50 PASSENGER CONFIGURATION 


Figure 3.4.1 contains the Class I 3-view for the 50 passenger 
commuter. Table 3.4.1 contains the geometry of the conf iguf’at ion. 

3.4.1 Initial Sizing of the 50 Passenoer Commuter 

From the methods in Reference 1, the weights and initial 
performance parameters were selected. These parameters depended on 
the mission specif icat ions. These specifications and mission 
profile are shown in Table 3.4.2. The following assumptions were 
made for the airplane: 

1> (L/D) - 16 

cr 

2) C p ■ 0.4 lbs/hp/hr 

The preliminary weight and performance sizing are done through the 
use of two computer programs developed at the University of Kansas. 
Appendix J, Section J. 2 contains output from XEUT06, the weight 
sizing program. Section J. 3 contains output from XPRFRM, the 
performance program. The results of the initial weight and 
performance sizing are given in Table 3.4.3. A performance 
matching graph is displayed in Figure 3.4.2. 

3.4.2 Fuselane and Cockpit Layout 

The 50 passenger airplane has the same cockpit and fuselage 
cross section as the rest of the commuter family. The cockpit 
design and fuselage cross section are contained in Appendix A. The 
lengths of the fuselage and cabin are given in Table 3.4.1. The 
design methodology followed the steps in References 2 and 3. 

3.4.3 Engine Selection 

The commuter family will be powered by 2 advanced turboprop 
engines. The 50 passenger airplane requires the use of 6000 shp 
turboprops. Appendix B contains the engine data used. 

3.4.4 Winn and Flap Desinn 

Table 3.4.1 presents the geometry of the wing and flaps. 
Parameters such as leading edge sweep and thickness were dictated 
by the selection of a natural laminar flow (NLF) airfoil. Appendix 
C contains the airfoil cross section and airfoil parameters. Wing 
parameters were selected using the methods of Reference 2, Chapter 
6 . 

The flaps were sized to a C^ » 3.0. This required the 

max^ 

use of Fowler flaps. The sizing methods used are contained in 
Chapter 7 of Reference 2. The design calculations are given in 
Appendix J, Section J. 4. 
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FIGURE. 3.H.I CLASS 1 THREE -VIEW FOR THE. SO PASSENGER AIRPLANE 


Table 3. 4. 2 Mission Specification for the 
50 Passenger Advanced Technology Commuter Airplane 


PAYLOAD: 


CREW : 


RANGE: 


50 passengers at 175 lbs each with 30 lbs of 
baggage per passenger, carry-on luggage 
capability is required 

2 pilots and 1 flight attendant at 175 lbs each 
vith 30 lbs of baggage each 

1100 nm vith max payload vith 25% fuel reserves 


ALTITUDE: 30,000 ft at the design range 

CRUISE SPEED: MACH • .70 


CLIMB: climb rate of 3000 fpm 

TAKE-OFF AND 

LANDING: 3500 ft balanced field length 

POWERPLANTS: advanced turboprops 

PRESSURIZATION: 5000 ft cabin at 30000 ft 


CERTIFICATION 

BASE : FAR 25 


MISSION PROFILE ; 


TAM 

I £ ^ 

-#■ - a 




1 TAK£-0FF 


CRUISE 


4 


LKMblfJCj T>t i 

A*Jb Shot fee*; a' 


Table 3.4.3 Initial Si2ino Parameter* 
for the 50 Passenger Commuter 

Weights: Take-off Weight 

Operating Weight Empty 
Payload Weight 
Crew Weight 
Mission Fuel Weight 

Wing Area S - 592 ft 2 

Aspect Ratio A » 12.0 

Take-off Power P^g « 11,000 shp 

Required Lift Coef f icient s : 


Clean 

C L 

max 

- 1.5 

Take-off 

C L 

m * k to 

0 
• 

01 

1 

Landing 

C L 

-3.0 





Take-off Weight Sensitivities: 


dW T0 

/ 

4c p 

m 

39,764 lb/1 b/hp/hr 

* W T0 

/ 

4 N> 

- 

-16,722 lbs 

AU 

TO 

/ 

6 <L/D) 

- 

-994.6 lbs 

alj 

° TO 

/ 

6R 

- 

15.1 lbs 


W TQ - 42,057 lbs 


W Q£ - 23,963 lbs 


W pL - 10,250 lbs 


W CREW “ 615 lb * 


W. 


6,913 lbs 


60 



•■SMSS 


A *12 


Z.k 3,0 


cuihb . 

RGutV»R£HENT£ 


i- EN-ROUT£ 
INITIAL SE&. 

• TRAMS IT>0N 

' 6ECOHP 
SE6MSMT 




■GO ARDUHP 


TAKE -OFT ' 
.PK>TAMCE.'''T. 


LAN.P/MG 

iXMS 


CRUISE. 



..• : : 1 ■ 


-fro ..;•'! ' -80 


-“-L&/PT 1 














3,4.5 Pesion of_the Emptnr>in> 


Tabic 3.4.1 lists the empennage geometry for the 50 passenger 
airplane. Initially, the V-bar methods of Reference 2, Chapter 8, 
were used to size the empennage. These initial areas are listed 
below: 


S u - 130 ft 2 
S v » 130 ft 2 

The empennage was redesigned from stability and control 
cons i derat ions which are discussed in section 3.4.9. 

3i*i 6 Cgptrel Surftgt Siting 

3.4. 6.1 Lateral -Directional Controls 

Table 3.4.1 presents the aileron geometry used. The methods 
used were that of Reference 2, Chapter 8. 

a mJll&j. e CantralJi 

The elevators were sized using methods in Chapter 8, Reference 
2, and the geometry is summarized in Table 3.4.1. 

Laadiafl. fiaic 

From Chapter 9, Reference 2, it was determined that a 30 X 9 
inch tire could be used on every airplane of the commuter family. 

A preliminary retraction scheme for the main gear is shown in 
Appendix D. The gear placement was dictated by the weight and 
balance calculations shown in Section 3.4.8. Lateral ti p-over and 
longitudinal gear retraction criteria given in Reference 1 were 
met. Appendix J, Section J. 6 contains the lateral tip-over 
calculations. 

3.4.8 Class I Heioht and Balance Calculations 

A preliminary weight and balance of the 50 passenger commuter 
was determined by using methods in Reference 2, Chapter 10. 
Component weights and center of gravity locations are contained in 
Table 3.4.4. A general arrangement drawing is provided by Figure 
3.4.3. The wei ght— center of gravity excursion diagram is contained 
in Figure 3.4.4. The 50 passenger commuter has a 15 inch 

excursion range which corresponds to 0. 17 c 









Table 3.4 .4 50 Pwenogr Commute 

Wei oh t a nd Bil«nc» Calculation 


Glai 


No. Component 


1 . 


5a. 

5b. 

6 . 


Fuselage 

Wing 

Empennage 
Eng i ne 
Nose Gear 

Main Gear 
Fixed Eqpt, 


Empty Weight 


Weight 

X . 

i 

Z . 

l 

lbs 

in 

in 

5352 

576 

146 

4673 

667 

127 

1219 

1155 

340 

4552 

655 

229 

373 

220 

74 

1497 

720 

64 

6177 

596 

146 


W, 


24043 


X - 679 

ca w. 


eg 


161 


We 


7. 

Trapped Fuel 210 

745 

178 

6 . 

and Oil 
Crew 

615 

200 

120 

Operating Weight 

Empty* W QE 

- 24868 

X « 668 

Ca Woe 





Z * 160 

ca Wo. 

9. 

Fuel 

6939 

687 

127 


W 4 > W « 

W 0E W F 

31807 


X - 672 

ca Woe+Wf 



• 


Z - 153 

C9 Woe+Wf 

10. 

Passengers 

10250 

630 

146 

Take-off Weight 

W ■ 

TO 

42057 

X - 662 

ca Wto 





Z - 151 

Ca Wto 


LJ — U m 

W T0 F 

35116 


X - 657 

C9 Wto-Wf 


Z - 156 

ca Wto-Wf 
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A Class I stability and control analysis Mas performed using 
methods of Reference 2, Chapter 11. Table 3.4.5 lists the 
geometric quantities and stability derivatives necessary to size 
the empennage from stability and control considerat ions. Design 
calculations are located in Appendix J f Section J. 7. 

2* -ft« Si-l-Lannlliidinil fiiafail ita 

From methods in Chapter 11 of Reference 2, the horizontal tail 
Mas resized to incorporate a desired static margin of 5 percent. In 
order to achieve a common horizontal tail Mith the twin body 100 
passenger design, it Mas necessary to size the 50 passenger 
horizontal tail to a static margin of 12.9 percent. 

Figure J. 2 in Appendix J shoMS that a longitudinal tail area of 102 
ft S is required. This area Mill be used in place of the original 
estimate of Section 3.4.5. 
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3.4. 9. g Lateral— Direct ional Stability 


From methods in Chapter 11 of Reference £, the vertical tail 
area required to hold engine-out flight was critical. The engines 
were put at a 5 degree cant to lessen the thrust moment arm about 
the airplane center of gravity. This allowed for a vertical tail 

2 

area of 170 ft . Figure J. 3 in Appendix J contains a directional x 

plot forthe airplane. It is observed that a 170 ft 2 vertical tail 
yields c ■ 0.0956 rad ~ . 

P 

3.4.10 Class I Drag Pol arm 

From methods in Reference 2, Chapter 12, component wetted 
areas were calculated and listed in Table 3.4.6. The calculations 
for the wetted areas are given in Appendix J, Section J. 6. From 
the total airplane wetted area and assuming a skin friction 
coefficient of C^ “ 0.0025, C^ ■ 0.0169 was determined. 

o 

Table 3.4.7 contains the take-off, cruise and landing drag polars 
computed during the initial performance sizing. Changes to C^ for 

o 

take-off and landing drag polars are given in Appendix J, 

Section J. 6. 

Taking natural laminar flow into account should reduce the 
airplane C_ by at least 10 percent. Assuming C. ■ 0.3, 

‘"CR 

<L/D> cr ■ 14.1. During initial take-off weight sizing <L/D> CR was 

assumed to be 16. It appears that an increase in take-off weight 
is necessary. From the take-off weight sensitivities given in 
Table 3.4.3, this change in (L/D> results in an increase in take- 
off weight of 1669 lbs, or 4.5%. This amount change does not 
warrant resizing of the airplane, assuming that the lOS reduction 
in parasite drag is possible. 


ORIGINAL PAGE IS 

OF POOR quality; 
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lifejg 3.4.5 Stability and Centro! Results 
for the 50 P*«Mnpgr Commuter 


S - 592 ft 
c - 7.46 ft 


L. E. c - F. S. 642 


b « 64.3 ft 


S H - 102 ft 


S v « 170 ft 


AX - -0. 306 

* C B 

X - -O. 056 

* C WB 

X - 0.465 

* C A 


X M - 6.35 
* C H 

• 4. 72 rad 
*W 

» 3. 64 rad 
“H 


-1 


-1 


1 . 67 rad 


-1 


0.0956 rad 


-1 


a 


6c/ 6a m 0.325 


eg 


0. 335 F. S. 672 


aft 


X y « 37.2 ft 


X H ■ 41.1 ft 


♦fill results calculated from References 5 and 6. 
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Table 3.4.6 Wetted flrta Breakdown 


Component 


Wetted Area 


Wing 1059 
Horizontal Tail 207 
Vertical Tail 351 
Fuselage 2115 
Engine Nacelles 180 
Engine Pylons 124 


Total - 4036 ft 2 

f - 12. 1 C f - . 0025 

C D * 0.0169 
o 


Table 4. 7 Drag Polar Comparison 


Flight Condition 

Take-off C D 
Cruise C^ 
Landing C^ 


Initial 

- 0.0634 ♦ 0.0332C 2 
• 0.0286 ♦ 0.0312C 2 

- 0.0784 ♦ 0.0332C 2 


Class I 

C D - 0.0354 f0. 0332C 

C D - 0.0206 ♦0.031 ac 

C D ■ 0.110 +0. 0332C 


Take-off 

Cruise 

Landing 


10.9 

16.8 

9.81 


<L/D> 


QlJtatSt l 

14.6 

19.7 

8. as 


I 
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3.5 PRESEN TATION OF THE 100 PASSENGER TWIN FUSELAGE CONFIGURATION 


Figure 3.5.1 contains the Class I 3-view from the 100 passenger 
twin body commuter. Table 3.5.1 contains the geometry of the 
conf i gurat ion. 

3.5.1 Initial Sizing of the 100 Passenoer Twin Body 

The 100 passenger twin body design is based on joining two 
optimally designed 50 passenger conf i gurat ions, in hopes that: 

1) high commonality in design and production between the 50 and 
100 passenger configurations can be achieved, 

2) the weight can be reduced from a conventional passenger 
conf i gurat ion, 

3) an innovative, futuristic design for the next century can be 
obtained. 

The mission specifications and profile are provided in Table 
3.5.2. The initial weight and performance sizing is based on the 50 
passenger design and is listed in Table 3.5.3. 

3.5.2 Fuselage and Cockpit Layouts 

The 100 passenger twin fuselage design has the same cockpit and 
fuselage cross section as the rest of the commuter family with one 
exception: the right-hand side fuselage cockpit will be stripped of 

equipment and used as additional seating or for observation. The 
cockpit design and fuselage cross section are contained in Appendix 
A. The lengths of the fuselage and cabin are given in Table 3.5.1. 
The design methodology followed the steps in References 2 and 3. 

3.5.2 Fuselane and Cockpit Layouts 

The commuter family will be powered by two advanced turboprop 
engines. The 100 passenger twin body requires the use of the 13,500 
shp turboprops. Appendix B contains the engine data used. 

Table 3.5.1 presents the geometry of the wing and flaps. The 
wing planform and flaps are the same as that used on the 50 passenger 
airplane. A center wing joining the two fuselages and connected to 
the outboard wings was added. The center wing had the following 
char act er i st i cs : 

Area, S ■ 400 ft 2 

Thickness Ratio, t/c * 0.13 

Dihedral Angle and incidence angle, « i * 0 deg 

The flaps were sized to a * 3.0. This required 

max^ 
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Table 3. 5. 2 Mission Specification for the Twin Body 
100 Passenger Advanced Technology Commuter Airplane 


PAYLOAD j 


CREW: 

RANGE: 


100 passengers at 175 lba each with 30 Iba of 
baggage per passenger , carry-on luggage 
capability is required 

2 pilots and 2 flight attendants at 175 lbs each 
with 30 lbs of baggage each 

1500 nm with max payload with 25% fuel reserves 


ALTITUDE: 


30, 000 ft at the design range 


CRUISE SPEED: HACK > .70 


CLIMB: 

TAKE-OFF AND 
LANDING: 

POWERPLANTS: 

PRESSURIZATION : 


climb rate of 3000 fpm 


3500 ft balanced field length 

advanced turboprops 

5000 ft cabin at 30000 ft 


CERTIFICATION 

BASE : FAR 25 


MISSION PROFILE : 


TAKI 

2 


CLtHfe 


1 TXK£ “OF F 


CRUISE 




LfcfJblfrlC, TAl i 
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Table 3.5.3 Initial Sizinn PirimetTi for the 
Twin Bedv 1O0 Passgnoer Commuter 


Weights: 

Take-off Weight 

W 

TO 


SO, 716 

lb* 


Operating Weight Empty 

W 

0E 

- 

46, 336 

1 bs 


Payload Weight 

W 

PL 

- 

20, 500 

lbs 


Crew Weight 

• 

W 

CREW 

- 615 

lbs 


Mission Fuel Weight 

W F 

m 

13, 878 

lbs 

Wing Area 

S - 923 ft 2 

*Vf 

z 



Aspect Ratio A ■ 15.0 





Take-off 

Power P^q « 22, 000 

shp 





Required Lift Coefficients: 


Clean 

c. 

to 

• 

1 


MAM 


Take-off 

c L 

0 
• 

01 

a 


w * k to 


Landing 

C L 

-3.0 


MK^ 

# 

Take-off Weight Sensitivities t 


^TO 

/ 


- 39,784 lb/lb/hp/hr 

dW T0 

/ 

1 

a 

< 

'O 

-18,722 lbs 

AW 

TO 

/ 

b<L/D) 

« -994.6 lbs 

4W 

TO 

/ 

6R 

- 15.1 lbs 


*> 

assumed to be the same as the 50 passenger commuter 



the use of Fowler flaps on the 50 passenger airplane. The center 
wing section has been designed to include full span flaps if needed. 

Section 2.4.4 gives the details on the 50 passenger wing 
planforiti and flap design used for this conf i gurat ion. 

3.5.5 Desion of the Empennaoe 

Table 3.5.1 lists the empennage geometry for the 100 passenger 
twin body. Initially, the areas obtained by the V— bar method for the 
50 passenger design (see Section 2.4.5) were doubled! 

S v - 260 ft 2 

S H - 260 ft 2 

However, the empennage was redesigned from stability and control 
cons i derat ions, of both the 100 passenger twin body and 50 passenger 
designs in Sections 2.4.9 and 3.5.9. 

3.5.6 Control Surface Sizino 

3.5. 6.1 Lateral -Directional Controls 

Table 3.5.1 presents the aileron geometry used. It is the same 
as designed for the 50 passenger design. Spoilers may be required in 
order to produce the extra roll— control required for a twin-fuselage 
design. 

3i. St &« S , Liana iimtinal. Caaira 1 * 

The elevators are the same as those for the 50 passenger design; 
the geometry is summarized in Table 3.5.1. 

l^nfling ptfjflP 

From Chapter 9, Reference 2, it was determined that a 30 X 9 
inch tire could be used on every airplane of the commuter family. A 
preliminary retraction scheme for the main gear is shown in Appendix 
D. The gear placement is the same as that for the 50 passenger 
airplane. The wheelbase for the 100 passenger twin body has been 
estimated to be 50 ft. From Airport Enoineerino by Ashford and 
Wright, the following conclusions are made* 

1) This design can operate out of any airline airport. 

2) This design will not be able to operate out of general 
aviation airports. General and basic transport general 
aviation airports have taxiway widths between 40 - 60 feet. 
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3«-5« a C 1 I Me i nht and Ba 1 anc> Ca 1 cu 1 at i o ns 


A preliminary weight and balance of the 100 passenger twin body 
was determined by using methods in Reference 2, Chapter 10. 

Component weights and center of gravity locations are contained in 
Table 3.5.4. A general arrangement drawing is provided by Figure 
2.4.2. The weight -center of gravity excursion diagram is contained 
in Figure 3.5.3. The 100 passenger twin body has a 22 inch excursion 

range which corresponds to 0.22 c^. 

3. 5. 9 Stabi l ity and Control Analysis 

A Class I stability and control analysis was performed using 
methods of Reference 2, Chapter 11. Table 3.5.5 lists all the 
geometric quantities and stability derivatives necessary to size the 
empennage from stability and control considerat ions. Appendix N 
(pages 8-22) provides the detailed calculations. 

3. 5.9. 1 Longitudinal Stability 

From methods in Chapter 11 of Reference 2 t the horizontal tail 
was resized to best match that of the 50 passenger design while still 
maintaining an inherently stable static margin. Figure N. 2 in 
Appendix N presents the longitudinal x-plot for the airplane. Since 

2 

only 102 ft of horizontal- tail area was required by the 50 passenger 
design, a horizontal boom has been proposed to connect the horizontal 
tail planforms (see Figure 3.5.11. This provides a horizontal tail 

2 

area of 303 ft and allows the design of an inherently stable static 
marg in of 7.5 percent . 

3. 5. 9. 2 Lateral— Direct ional Stability 

From methods in Chapter 11 of Reference 2, the vertical tail 
area required to hold engine— out flight was not critical. Figure 
3.5.5 provides the directional x— plot. The 100 passenger twin body 

2 

only requires 230 ft of vertical tail areaf however, the 50 

2 

passenger design required 170 ft due to engine— out requirements. 

2 

The 100 passenger twin body will use two 140 ft vertical tails. 

From this the following resultsi 

S v ■ 280 ft 2 

C - 0.098 rad 
n _ 
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Table 3.5.4 Twin Body 100 Pa»«gnoer Commuter Class I 
Weight and Balance Calculation 


No. 

Component 

Weight 

X i 

Z . 

i 



lbs 

in 

in 

1. 

Fuselage 

10704 

578 

148 

2. 

Wing 

7597 

672 

127 

3. 

Empennage 

2438 

1204 

340 

4. 

Eng i ne 

8470 

8 70 

222 

5a. 

Nose Gear 

746 

220 

74 

5b. 

Main Gear 

2994 

720 

64 

6. 

Fixed Eqpt. 

12354 

578 

148 

Empty 

Weight 

W £ - 45303 


X 

eg. 


686 


Z 


eg 


We 


161 


745 
200 

Operating Weight Empty t W^ £ ■ 46338 


7. Trapped Fuel 420 
and Oil 

8. Crew 615 


178 

120 

X 

eg 


680 


Woe 


9. Fuel 13878 

W__ W_ « 60216 
OE F 

10. Passengers 20500 

Take-off Weight W TQ - 80716 


672 


630 


W T0 - W F " 66838 


CB Woe 

127 

X 

CB Woe+Wf 

148 

X - 


eg 


Wto 


ZcB Wto “ 
° B Wto-Wf 


160 

* 678 

666 
151 
. 665 


78 













Table 3.5.5 Stability and Control Results 
for the Twin Body 100 P*t»er>ner CowwutT 


S ■ 923 ft 
c ■ fi. 33 ft 


LE c « F. S. £22 
w 


b - ue ft 


S H ■ 354 ft 
S v - 280 ft* 


4X 


me. 


B 


me. 


MB 


me 


ac L 


-0. 390 


-0. 140 


0 . £22 


£. 50 


F. S. £84 

- 1.71 


ac 


5. 20 rad 


-1 


W 


” 3. £9 rad 
tt H 


-1 


2. 14 rad 


-1 


H 


4. 13 rad 


-1 


C m 0. 098 rad 
"fi 

dc/da ■ 0.344 


-1 


eg 


aft 


0. 580 


41.3 ft 


F. 8. £80 


♦All results calculated from References 5 and £. 
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3,5.10 Class I Dran Polars 


From methods in Reference 2, Chapter 12, component wetted areas 
were calculated and listed in Table 3.5.2. The calculations for the 
wetted areas are given in Appendix N, Section N. 8. From the total 
airplane wetted area and assuming a skin friction coefficient of 
c^ * 0.0025, Cp ■ 0. 0184 was determined. Table 3.5.7 contains 

take-off, cruise, and landing drag polars which result. Changes to 
Cp for take-off and landing drag polars are given Appendix N, 


o 

Sect ion N. 8. 

Assuming C. 

L CR 


0.3, <L/D> cr ■ 14.4. This decrease in <L/D> CR 


from that of the 50 passenger design was anticipated due to the large 
increase in wetted area in key pi aces t fuselage, engine pylons, and 
center wing surfaces. However, if 10 percent laminar flow is assumed 
as in the 50 passenger design, <L/D>£ R “ 15.8. This corresponds to 

the design goal of <L/D> CR ■ 16. Detailed calculations are provided 

in Appendix N (pages 23-27). 


ORIGINAL PAGE IS 
0E POOR QUALITY 
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Tabljt 3.5.6 Wetted Area Prukdown 


ComDonent 

Wat tad Araa 

Wing 

1042 

Horizontal Tail 

625 

Vartical Tail 

567 

Fusalaga 

4270 

Eng i na Naca lias 

393 

Pylons 

315 

Total 

« 7212 ft 2 

f - 17.0 

C D - 0.0184 
o 

Tabla 3.5.7 Twin Bodv 

Drag Pol arm 


Flight Condition Clams I Drag Polar 


Taka-off C^ 

Cruima C« 

D 

Landing C Q 


- 0.0334 «■ 0.0265C 2 

- 0.0186 + 0.0250C 2 

- 0.1084 «► 0.0265C 2 


(L/0) 


max 

16.8 

23.2 

9. 32 


.0025 
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3.6 PRELIMINARY DESIGN OF THE 75 PASSENGER BASELINE 
CONFIGURATION 

The purpose of this chapter is to present the 
prel iminary design of the 75 passenger regional transport. 
Figure 3.6.1 shows the Class I three-view of the NASA-100. 
Table 3.6.1 presents the geometric parameters for the NASA- 
100 . 


3^6, J INITIAL WEIGHT AND PERFORMANCE SIZING FOR THE 75 

PASSENGER BASELIN E CONFIGURATION 

frr.tr > INITIAL HEIGHT SIZING 

Initial weight sizing was conducted using a method in 
Reference 1. The following assumptions were made for the 
airplanes 

1) (L/D) - 16 

cr 

2) c *0.4 lbs/hp/hr 

P 

The above assumptions and the mission speeif icat ions, given 
in Table 3. 6. 2, yielded the airplane weights and 
sensitivities in Table 3.6.3. Appendix K, section K. 2, 
contains output from XEWT06, a computerized weight sizing 
method developed at the University of Kansas. 

3t fr- U 8 INLIIPL performances l, Z I Ng 

XPRFRM, a computer program developed at the University 
of Kansas, was used to determine the required take-off 
power, Pjq* and wing area, S, that meet the performance 

criteria given in Table 3.6.2. XPRFRM follows the method 
of Reference 1. Maximum lift coefficients and wing aspect 
ratio are also determined. Figure 3.6.2 shows the required 
power loading, wing loading combinations that satisfy the 
performance criteria. From Figure 3.6.2, it is determined 
that cruise speed and landing field length requirements are 
critical for this airplane. The results of the performance 
sizing effort are listed in Table 3.6.2. Appendix K, 
section K.3, details the computer output of XPRFRM. 

3.6.2 FUSELAGE AND COCKPIT LAYOUTS 

The fuselage and cockpit layouts were determined using 
the methods of Chapter 4 in Ref. 2 and Chapter 2 in Ref. 3. 

The 75 passenger transport has the same flight deck 
layout and fuselage cross-section as the rest of the 


ORIGINAL PAvtE IS 
OF POOR QUALITY. 
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TABLE 3.6.1 — TABLE OF GEOMETRY FOR THE 75 PASSENGER 
COMMUTER . 


Horizontal Vortical 

Minn Tail Tail 


Area, S (ft 2 ) 

1178 

134 

363 

Span, b ( f t > 

119 

28. 7 

22.5 

MGC, c (ft) 
M6C LEs F. S. 

10.5 

* 

a 

10 

16.4 

As poet ratio, A 

IS 

5.3 

1.4 

Swoop anglo, (dog) 

13 (c/4) 

22 (e/4) 

42 (c/4) 

Taper ratio. 

0.4 

0.35 

0.6 

Thickness ratio, t/c 

0. 13 

0. 13 

0. 13 

Airfoi 1 

NLF 

NLF 

NLF 

Dihodral, (dog) 

7 

0 

90 

Incidonco, i (dog) 

0 

Variable 

0 

Spoi lor t 


Elevators 

Rudder s 

Chord ratio 
Span location 

0. 14 

0. 43/0. 70 

0. 39/0. 45 

0. 35 

Flapsi 

Chord ratios 
Span ratios 

0. 25 

0. 07/1.00 

• 


• 

Fuaolaoo 

Cabin Interior 

Overall 

Longth, 1 .(ft) 

108 

67.5 

121 

Maximum width, (ft) 

8.05 

7. 60 

119 

Maximum hoighth, (ft) 

14.0 

6.30 

36.9 
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TABLE 3.6.2 — MISSION SPECIFICATION FOR ft 75 PASSENGER 
ADVANCED TECHNOLOGY COMMUTER AIRPLANE 


PAYLOAD: 75 passengers at 175 lbs each with 30 lbs 



of baggage. per passenger, carry-on luggage 
capability is required 

CREW: 

2 pilots and 2 flight attendants at 175 
lbs each with 30 lbs of baggage each 

RANGE : 

1500 nm with man payload with 25* fuel 
reserves 

ALTITUDE: 

30,000 ft at the design range 

CRUISE SPEED: 

MACH * .70 

CLIMB: 

climb rate of 3000 fpm 

TAKE-OFF AND 
LANDING: 

3500 ft balanced field length 

POWERPLANTS: 

advanced turboprops 

PRESSURIZATION: 

5000 ft cabin at 30,000 ft 

CERTIFICATION 

BASE: 

FAR 25 

MISSION PROFILE: 






Si > 



V 


TABLE 3.6.3 — INITIAL SIZING PARAMETERS FOR THE 75 
PASSENGER COMMUTER . 


Take-off weight - 

W 

TO 

■ 

82, 491 

lb* 

Empty weight - 

W 

E 

- 

48, 175 

lb* 

Payload weight - 

W 

PL 

- 

15, 375 

lb*. 

Mission fuel weight - 

W 

F 

- 

17,898 

lb*. 

Crew weight - 

W 

CREW 

. 820 

lb*. 


Wing arta t S - 1178 ft 2 . 

Wing Aspect rstioi A * 12. 

Take-off powers P TQ m 19,640 lbs. 

Required lift coefficients: Clean, ■ 1.40. 

l m«x 

Take-off, C^ * 1.80. 
max 

Landing, C, » 3.00. 

MX 


Take-off weight sensitivities: 

SFC - dW T0 / " 143 » 189 lb/lb/lb/hr 

Propeller efficiency- dW TQ / 4fv p " -67,383 lbs 
Lift-to-drag ratio - dW TQ / 6 (L/D) - -3,579 lbs 
Range - AW TQ / dR - 38.2 lb/nm 


[ 
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commuter family. Appendix A contains tha fuselage cross- 
section and cockpit layout design. Table 3.6.1 gives the 
main dimensions of the fuselage. 

3.6.3 ENGINE SELECTION 

The engines were selected using the methods of Chapter 
5 in Ref. 2. Two advanced turbo— props were chosen at a 
power rating of 13,500 shp per engine. The engine data is 
given in Appendix B. 

3.6.4 MINS AND FLAP DESIGN 

Table 3.6.1 presents the geometry of the wing and 
flaps. Parameters such as leading edge sweep and wing 
thickness were decided by the selection of an NLF airfoil. 
Appendix C contains the airfoil "cross section and airfoil 
parameters. Wing parameters were selected using the method 
of Chapter 6 in Ref. 2. 

The flaps were sized to a C, ■ 3.0. This required 

Smax^ 

the use of Fowler flaps. The sizing methods used are 
contained in Chapter 7 of Ref. 2. The design calculations 
are in Appendix K, section K. 4. 

3.6.5 DESIBN OF THE EMPENNAGE 

Table 3.6.1 shows the empennage for the 75 passenger 
airplane. Initially, the V-bar method in chapter 6 of Ref. 
2 was used to size the empennage. The design calculations 
are in Appendix K, section K. 5. The initial tail areas 
that resulted are listed below t 

S H - 242 ft 2 

S y - 363 ft 2 

After the stability and control calculations of 

Section 3.6.9 were completed, the empennage was 
resized. These considerat ions are discussed in section 
3. 6. 9. 


3.6.6 CONTROL SURFACE SIZING 

3-t S . 6. 1 LATERAL - DIRECTIONAL CONTROLS 

Since full span flaps were required for landing, 
spoilers were used in place of ailerons. The spoiler 
geometry is contained in Table 3.6.1. This geometry was 
determined from Chapter 8 of Ref. 2. 


The rudder was also sized with the method of Chapter 8 
in Ref. 2. The rudder geometry is given in Table 3.8.1. 

3. 6. 8. 2 LONGITUDINAL CONTROLS 

The elevators were sized using the methods in Chapter 
8 of Ref. 2. Geometric parameters for the elevators are 
presented in Table 3.8.1. 

3.6.7 LANDING GEAR DESIGN 

From Chapter 9 of Ref. 2, it was determined that a 30” 
m 9” tire could be utilized for the nose and main landing 
gear on every airplane of the commuter family. A 
preliminary retraction scheme for the main gear is shown in 
Appendix D. The gear placement was dictated by weight and 
balance calculations shown in sectior) 3.6.8. 

Both the longitudinal and the lateral tip-over 
criterion were satisfied. Appendix K, section K. 6, 
contains the lateral tip-over calculations. 

3.6.8 CLASS I WEIGHT AND BALANCE CALCULATIONS 

The weight and balance for the NASA-100 was done after 
calculating the Class I component weights for the airplane. 
The component weights were calculated using average weight, 
fractions for the commuter category of airplanes. Appendix 
F contains the Class I weight fractions for the commuter 
family. The preliminary weight and balance was then 
determined using the methods of Chapter 10 in Ref. 2. 

The weight breakdown and the center of gravity 
locations are presented in Table 3.6.4. The center of 
gravity travel was contained to a range of 30 inches. This 

travel is 0.21 c^. Figure 3.6.4 diagrams the center of 

gravity excursion for the 75 passenger airplane. Fig. 

3.6.4 locates the component eg* s on the airplane three- 
view. 


3.6.9 STABILITY AND CONTROL RESULTS 

Chapter 11 of Ref. 2 outlines the methods used in the 
preliminary stability and control calculations. Ref. 5 and 
Ref. 6 were used as supplements for these calculations. 
Table 3.6.5 contains geometric quantities and stability 
derivatives necessary to size the empennage for inherent 
stability. Design calculations are located in Appendix K t 
section K. 7. 

3. 6. 9.1 LONGITUDINAL STABILITY 

From methods in Chapter 11 of Ref. 2, the horizontal tail 
was resized to incorporate a desired static margin of 5X. 
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TABLE 3. 6. 4— -CLASS I WEIGHT AND BALANCE CALCULATION 
FOR THE 75 PASSENGER COMMUTER . 


No, 

Type of Component 

lbs 

X 

ii 

W. x . 
X is 

n inlbs 

z . 
1 

in 

W. 2 . 

X X 

inlbs 

1. 

Fuselage 

10,311 

£.2 

6. 372x10* 

1.25 

1. 114x10* 

2. 

Wing 

9,404 

8.7 

8. 182x10* 

1.06 

0. 858x10* 

3. 

Empennage 

2,392 

13.8 

3. 300x10* 

3.77 

0. 883x10* 

4. 

Engine 

10,288 

13.6 

1.399k10 S 

2. 17 

2. 233x10* 

5. 

Landing gear 







a. Nose gear 

709 

2.5 

O. 172x10* 

0. 58 

0.031x10* 


b. Main gear 

2,837 

6.8 

2. 497x10* 

0.58 

0. 165x10* 

8. 

Fixed eqpt. 

12,044 

4.9 

5.883x10* 

1.25 

1.505x10* 

Empty weights ■ 

47,988 lbs 

"coWe 

846 in 





z 


136 in 





cgwm 


7. 

Trapped fuel and 

oil 411 

10.6 

4.377xl0 3 

1.49 

0.613xl0 S 

8. 

Crew 

820 

2.5 

1.976x10 s 

1.26 

0.513xl0 S 


Operating empty weight! 


49,218 lbs. 


K eg Woe 
2 eg Woe 


■ 838 in 

■ 138 in 


9. Fuel 17,898 

10. Passenger's 15,375 

Take-off weights ■ 82,491 


8.6 1. 546m 10 5 1.04 1.861x10* 
7.5 1.159 m 10 5 1.25 1.922x10* 


lbs. 


"cgWto 

2 cgWt© 


818 in 
127 in 












TABLE 3.6.5 — STABILITY AND CONTROL RESULTS FOR THE 75 
PASSENGER COMMUTER . 


S - 1178 ft 2 * c ■ 10.5 ft ; b * 119 ft. 


^ x ■ - O. 13 
* C B 


x - 0. 12 

C WB 


x *0. 428 
’A 


x *4.87 
C H 


W 


4.71 rad 


-1 


* 3. 51 rad 


-1 


1.43 rad 


-1 


C - 0.0573 rad 
"B 


-1 


6t/6a * 0. 185 


eg 


0.29 


aft 


x v * 36.7 ft. 
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Appendix K, Figure K. 2 presents the longitudinal x— plot for 
the 75 passenger airplane. From this plot, it is seen that 

£ 

a tail area of 134 ft is required. 

3.&.9.S LATERAL - DIRECTIONAL STABILITY 

From the method of Chapter 11 in Ref. 2, the vertical 
tail area required to hold engine-out flight was found to 
be critical. The engines were set at a five degree cant to 
lessen the thrust moment arm about the eg. The directional 
x-plot is given in Appendix K, Figure K. 3. From this plot, 

£ 

it can be seen that a vertical tail area of 363 ft yields 

a C • 0.0010 deg • 
n B 

3.6.10 CLASS I DRAG POLARS 


The Class I drag polars were calculated from the 
procedure of Chapter 12 in Ref. 2. The wetted areas of the 
airplane components were calculated as presented in Table 
3.6.6 and Appendix K, section K. 8. From the total airplane 
wetted area and assuming a skin friction coefficient of 
0.0025, Cg for the airplane was calculated. 

© 

Table 3.6.7 contains the take-off, cruise, and landing 
drag polars computed during the initial performance sizing. 
These drag polars are compared to the drag polars computed 
from wetted area considerat ions. These Class Z drag polars 
more accurately represent the airplane. Changes to Cp for 

o 

take-off and landing conditions are given in Appendix K, 
section K. 8. 

The clean zero-lift drag coefficient at low speed was 
determined asi 

C n - 0. 0124 


The drag polars for take-off, landing, and cruise were then 
calculated as shown in Appendix K. 

Assuming a C, ■ 0.3, the final drag polars yields 
u cr 

i 

CL/D) ■ 12.4 
ct* 

During initial take-off weight sizing, CL/D) was 

Cl* 

assumed to be 16. 
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TABLE 3.6.6 — WETTED 

AREA BREAKDOWN. 

Component 

S . (ft 2 ) 

wet 

1. Wing 

£212 

2. Horizontal tail 

277 

3. Vertical tail 

750 

4. Fuselage 

2463 

5. Engines 

1246 

6. Engine pylons 

25 

Total 

5975 

From Figure 3.2.1 of 

Reference l f assuming a ■ . 0025 1 

f ■ 14.6 ft 2 

C D - f/S REp - 14.6/1176 ■ 0.0124 


Preliminary Results 

Drag Polar 

(L/D) 

max 

1. Clean 

0.0206 + 

0. 0312C l 2 

19.6 

2. Take-off, gear down 

0.0356 * 

0. 0332C l 2 

14.5 

3. Landing, g*ar down 

0.0958 + 

O. 0332C l 2 

a. 9 

(L/D) . .. _ 

cruise at C^ 

- 0.3 " 

12.7 


Class 1 Results 




1. Clean 

0.0214 + 

0. 0312C l 2 

19.4 

2. Take-off, gear down 

0.0474 «► 

0. 0332C l 2 

12.6 

3. Landing, gear down 

0. 1074 ♦ 

0. 0332C l 2 

6.4 

(L/D) 

cruise at 

C L ■ 0.3 

- 12.4 
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The sens it ivities to take-off weight given in Table 
3.6.3 show thats 

AW TCJ /d<L/D) » -3,579 lbs 

For the baseline conf igurat ion, this translates into! 
<L/D) » 12.4 - 16 - - 3.6 

wl* 

W T0 - A <«-/D> cr dW TQ /d<L/D) » IS, 864 lbs. 

Since the take-off weight is 88,491 lbs, the decrease in 
lift— to— drag ratio causes a 16% increase in take-off 
weight. According to Ref. 2, this percentage change in 
take-off weight indicates that the airplane needs to be 
resized with the initial weight sizing methods of Ref. 1. 


OR] 
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3.7 PREL I M I NARY DESIGN OF THE lOO PASSENGER BASELINE 
CONFIGURATION 


The purpose of this chapter is to present the 
preliminary design of the NASA- 100 regional transport. 
Figure 3.7.1 shows the Class I three— view of the NASA-100. 
Table 3.7.1 presents the geometric parameters for the NASA- 
100 . 


3t 7t 1 INITIAL WEIGHT AND PERFORMANCE SIZING FOR THE 100 

PASggNSgR BASEL I N5 fiSMEUaUBfil U BM. 

3.7. 1.1 INITIAL WEIGHT SIZING 

Initial weight sizing was conducted using a method in 
Reference 1. The following assumptions were made for the 
airplane: 

1) (L/D) - 16 

cr 

2) c *0.4 lbs/hp/hr 

P 

The above assumptions and the mission specifications, given 
in Table 3.7. 2, yielded the airplane weights and 
sensitivities in Table 3.7.3. Appendix L, section L. 2, 
contains output from XEI4T0G, a computerized weight sizing 
method developed at the University of Kansas. 

3.7. 1.2 INITIAL PERFORMANCE SIZING 

XPRFRM, a computer program developed at the University 
of Kansas, was used to determine the required take-off 
power, Pjq* and wing area, S, that meet the performance 

criteria given in Table 3.7.2. XPRFRM follows the method 
of Reference 1. Maximum lift coefficients and wing aspect 
ratio are also determined. Figure 3.7.2 shows the required 
power loading, wing loading combinations that satisfy the 
performance criteria. From Figure 3.7.2, it is determined 
that cruise speed and landing field length requirements are 
critical for this airplane. The results of the performance 
sizing effort are listed in Table 3.7.2. Appendix L, 
section L. 3, details the computer output of XPRFRM. 

■ ' 

3.7.2 FUSELAGE AND COCKPIT LAYOUTS 

The fuselage and cockpit layouts were determined using 
the methods of Chapter 4 in Ref. 2 and Chapter 2 in Ref. 3. 

The 100 passenger transport has the same flight deck 
layout and fuselage cross-section as the rest of the 
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TABLE 3.7.1 — TABLE OF GEOMETRY FOR THE lOO PASSENGER 
COMMUTER . 



Winq 

Horizontal 

Tail 

Vertical 

Tail 

Area, S (ft 2 ) 

1604 

155 

300 

Span, b ( f t ) 

139 

26.7 

20.6 

MGC, e (ft) 

11.6 

5.4 

15.0 

MGC LEi F.S. 

925 

1675 

1530 

As pact ratio, A 

12 

5.3 

1.4 

Sweep angla, (dag) 

IS (LE) 

22 (c/4) 

42 (c/4) 

Tapar ratio. 

0.4 

0.35 

0.6 

Thicknass ratio, t/c 

0. 13 

0. 13 

0. 13 

Airfoil 

NLF 

NLF 

NLF 

Dihadral, (dag) 

7 

0 

90 

Incidanca, i (dag) 

0 

Variable 

0 

Spoi lar t 


Elevator! 

Rudder: 

Chord ratio 

0. 23 

0.36 

0. 34 

Span location 
Hinga lina 
Ai laront 

Chord ratiot 
Span ratios 
Flaps! 

Chord ratioi 
Span ratio! 

0. 4/0. 6 
0. 70c 

0.30 

0.76/1.00 

0.30 

0. 06/0. 76 

• 




Overall 

Langth, 1 (ft) 

126 

137 

.5 

Maximum width, (ft) 

a. os 

139 


Maximum haighth, (ft) 

6.05 

35. 

4 




EIBUBE 3*7,J 3-V1EM OF THE 100 PASSENGER MODE L 


TABLE 













TABLE 3.7.3 — INITIAL SIZING PARAMETERS FOR THE 100 
PASSENGER COMMUTER . 


Waights: Taka— off waight - 


U m 

TO 

112,288 

lbs. 

Operating waight ampty - 

U m 

OWE 

87, 422 

lbs. 

Empty waight - 


1 

III 

3 

88, 041 

lbs. 

i 

Payload waight - 


W PL 

20, 500 

lbs. 

Mission fual waight 

- 

w F - 

24, 388 

lbs. 

Craw waight - 

• 

W 

"crew 

- 820 

lbs. 

1 

i 

Wing araai S ■ 1804 ft 2 . 





Wing Aspect ratios A « IS. 




, 

Taka-off powars P T q • 26,750 

lbs. 




Raquirad lift eoaf f ieiantsi 

Clean, 

1 

; 

-J 

U 

1.32. 

! 


max 


Taka-off, C, ■ 1.80. 

MN 

Landing, C, “ 3.00. 

^max 

Taka-off waight mans it ivit iast 


Pay load waight - 

^TO^ ^PL " ® 

Empty waight - 

*W TQ / 4Wg m 1.6 

SFC - 

dW. n / 6c m 202,659 lb/ lb/ lb/hr 

TU P 

Propallar efficiency— 

AW__/bn - -95,369 lbs 
TO P 

Lift-to— drag ratio - 

*W TQ / 6 (L/D) - -5,087 lbs 

Ranga - 

6Hjq/ 4R - 54.0 lb/nm 
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commuter family. Appendix A contains the fuselage cross- 
section and cockpit layout design. Table 3.7.1 gives the 
main dimensions of the fuselage. 

3. 7.3 ENgINE SELECT ?Q N 

The engines were selected using the methods of Chapter 
5 in Ref. 2. Two advanced turbo-props were chosen at a 
power rating of 13,500 shp per engine. The required total 
shaft horsepower was 2£, 740 hp. The engine data is given 
in Appendix B. 

3.7.4 WIN S AND FLAP DES1BN 

Table 3.7.1 presents the geometry of the wing and 
flaps. Parameters such as leading edge sweep and wing 
thiekness were decided by the selection of an NLF airfoil. 
Appendix C contains the airfoil cross section and airfoil 
parameters. Wing parameters were selected using the method 
of Chapter £ in Ref. 2. 

The flaps were sized to a C, ■ 3.0. This required 

max^ 

the use of Fowler flaps. The sizing methods used are 
contained in Chapter 7 of Ref. 2. The design calculations 
are in Appendix L, section L. 4. 

3.7.5 DES IGN OF THE EMPENNAGE 

Table 3.7.1 shows the empennage for the 100 passenger 
airplane. Initially, the V-bar method in chapter 6 of Ref. 
2 was used to size the empennage. The design calculations 
are in Appendix L, section L.5. The initial tail areas 
that resulted are listed be lows 

S H - 347 ft 2 

S v - 378 ft 2 

After the stability and control calculations of 

Section 3.7.9 were completed, the empennage was resized tot 

. S H - 155 ft 2 

S v - 303 ft 2 

These cons i derat ions are discussed in section 3.7.9. 
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3.7.6 CONTROL SURFACE SIZING 


3. 7.6. 1 LATERAL - DIRECTIONAL CONTROLS 

Both ailerons and spoilers Mere used on the 100 
passenger regional transport. The geometry of both is 
contained in Table 3.7.1. This geometry was determined 
from Chapter B oF Ref. 2. 

i 

I 

The rudder was also sized with the method of Chapter 8 
in Ref. 2. The rudder geometry is given in Table 3.7.1. 

3. 7. 6. 2 LONGITUDINAL CONTROLS 

The elevators for the NASA-100 were sized according to 
the procedure in Chapter 8 of Ref. 2. Geometric parameters 
for the elevators are presented in Table 3.7.1. 

3.7.7 LANDING SEAR DESIGN 

From Chapter 9 of Ref. 2, it was determined that a 30" 
x 9" tire could be utilized for the nose and main landing 
gear on every airplane of the commuter family. A 
preliminary retraction scheme for the main gear is shown in 
Appendix D. The gear placement was dictated by weight and 
balance calculations shown in section 3.7.8. 

Both the longitudinal and the lateral tip-over 
criterion were satisfied. Appendix L, section L. 6, 
contains the lateral tip-over calculat ions. 

3.7.8 CLASS I HEIGHT AND BALANCE CALCULATIONS 

The weight and balance for the NASA- 1 OO was done after 
calculating the Class I component weights for the airplane. 

The component weights were calculated using average weight 
fractions for the commuter category of airplanes. Appendix 
F contains the Class I weight fractions for the commuter 
family. The preliminary weight and balance was then 
determined using the methods of Chapter 10 in Ref. 2. 

The weight breakdown and the center of gravity 
locations are presented in Table 3.7.4. The center of 
gravity travel was contained to a range of 36 inches. This 
travel is approximately 2* of the overall length, or 

0.26 e . Figure 3.7.4 diagrams the various center of 

gravity locations at different airplane weights. Fig. 

3.7.4 locates the component eg* s on the NASA— 100 three— 

vi#w * ORIGINAL PAGE IS 

3.7.9 STABILITY AND CONTROL RESULTS 0E 1,0011 QUALITY 

Chapter 11 of Ref. 2 outlines the methods used in the 
preliminary stability and control calculations. Ref. 5 and 
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TABLE 3.7.4 — CLASS I WEIGHT AND BALANCE CALCUL AT I ON 
FOR THE lOO PASSENGER COMMUTER . 


No. Typ* of Component W^ 

lb* 

X . 
1 

in 

W . X . 
1 1 

inlbs 

z . 
1 

in 

W.z. 

inlbs 

1. Fuselage 

14, 860 

689 

1. 188xl0 7 

830 

3. 880xl0 6 

8. Wing 

13,043 

965 

1. 865x1 0 7 

818 

8. 765xlO S 

3. Emp*nnagc 

3,856 

1640 

0. 534x1 0 7 

466 

1.569x10 s 

4. Eng in* 

5. Land i ng g*ar 

14,860 

1830 

1. 754x1 0 7 

305 

4. 349xlO S 

a. Nos* g*ar 

966 

846 

0. 084x1 0 7 

130 

0. 186xlO S 

b. Main g*ar 

3,668 

1005 

0. 366x1 0 7 

130 

0. 508xl0 S 

6. FiK*d *qpt. 

16, 394 

689 

1. 359x1 0 7 

830 

3. 771xlO S 

Empty weights U 

l £ - 66,048 lbs 


X m 

cgWe 
z egWe " 

966 in 
846 in 

7. Trapped fuel 

and oil 561 

1175 

6. 598xlO S 

830 

1.890xl0 S 

6. Crew 

680 

340 

8.768xlO S 

830 

1.866xlO S 

Operating empty 

weights W QE - 67,488 lbs. * cgUo9 

z cgWo* 

- 968 in 
■ 846 in 

9. Fuel 

84,366 

975 

8.376xl0 7 

806 

5.068xl0 S 


80, 500 

655 

1. 753x1 0 7 

830 

4.715xlO S 

Take-off weights 

W TQ - 118,866 

lbs. 

*cgWto 

- 957 in 


eg (Wo* Pass) 


- 958 in. 


egWto 


eg (Wo* + Fu*l) 


836 in 
960 i n. 
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Ref. 6 were used at supplements for these 

calculat ions. Table 3.7.5 contains geometric quantities and 
stability derivatives necessary to size the empennage for 
inherent stability. Design calculations are located in 
Appendix L, section L. 7. 

3. 7. 9.1 LONGITUDINAL STABILITY 

From methods in Chapter 11 of Ref. 2, the horizontal tail 
was resized to incorporate a desired static margin of 5%. 
Appendix L, Figure L. 2 presents the longitudinal x-plot for 
the 100 passenger airplane. From this plot, it is seen 

9 

that a tail area of 155 ft is required. 

3. 7. 9. 2 LATERAL - D IRECTIONAL STABILITY 

From the method of Chapter 11 in Ref. 2, the vertical 
tail area required to hold engine-out flight was found to 
be critical. The engines were set at a five degree cant to 
lessen the thrust moment arm about the eg. The directional 
x-plot is given in Appendix L« Figure L. 3. From this plot, 

9 

the c at the required vertical tail area of 303 ft was 
B 

determined. 

3.7.10 CL ASS I DRAB POLARS 

The Class I drag polars were calculated from the 
procedure of Chapter 12 in Ref. 2. The wetted areas of the 
airplane components were calculated as presented in Table 
3.7.6 and Appendix L, section L.6. From the total airplane 
wetted area and assuming a skin friction coefficient of 
0.0025, Cp for the airplane was calculated, 
o 

Table 3.7.7 contains the take-off, cruise, and landing 
drag polars computed during the initial performance sizing. 
These drag polars are compared to the drag polars computed 
from wetted area considerat ions. These Class I drag polars 
more accurately represent the airplane. Changes to C^ for 

o 

take-off and landing conditions are given in Appendix L, 
section L. 8. 

The clean zero-lift drag coefficient at low speed was 
determined as> 

C D - 0.0115 


The drag polars for take-off, landing, and cruise were then 
calculated as shown in Appendix L. 
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TABLE 3.7.5 — STABILITY AND CONTROL RESULTS FOR THE lOO 
PASSENGER COMMUTER . 


S - 1604 ft ; c ■ 11.6 ft ; b ■ 139 ft. 


Am * - 0.10 

* C B 


k - 0. 15 

C WB 


h ■ 0.506 
* C A 


F. S. l 998 


x - 5. 60 
* C H 


C L « 4.72 rad 
B W 


-1 


C|_ * 3.67 rad 

“H 

C L -1.66 rad ~ 1 
“V 

C ■ 0.0655 rad _1 
n fi 

dt/do - 0. 162 

M - 0.454 F. S. i 988 

°®aft 

x v - 57.9 ft. 
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Assuming a C L ■ 0.3, the final drag polars yisldt 
cr 

(L/D) « 20.4 

Cr* 

During initial taks— off weight sizing, <L/D> cr was 
assumed to be 16. 

The sensitivities to take-off weight given in Table 
3. 7. 3 show that i 

dW TQ /dCL/D) - -5,067 lbs 

For the baseline eonf igurat ion, this translates intot 

(L/D) « 20. 4 - 16 - 4. 4 

ct* 

W__ - 4(L/D) AW__/d(L/D) « - 22,295 lbs. 

I U Cl* I u 

Since the take-off weight is 112,266 lbs, the increase 
in lift— to-drag ratio causes a 20* decrease in take-off 
weight. According to Ref. 2, this percentage change in 
take-off weight indicates that the airplane needs to be 
resized with the initial weight sizing methods of Ref. 1. 
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TABLE 3.7.6 — WETTED AREA BREAKDOWN. 



Component 

s ~t <ft8> 

1. 

Wing 

3058 

2. 

Horizontal tail 

320 

3. 

Vertical tail 

628 c f « . 0025 

4. 

Fuaelage 

2937 f - 18.5 ft 2 

S. 

Eng i nes 

248 

6. 

Engine pylons 

278 


Total 

7467 


TABLE 3.7.7 — DRAG POLAR COMPARISON . 


Prel i mi nary Results Drag Polar CL/D) 


1. Clean 

0.0196 

♦ 0.0312C L 2 

20.2 

2. Take-off, gear up 

0.0346 

+ 0.0332C l 2 

14.7 

3. Take-off, gear down 

0.0546 

♦ 0.0332C L 2 

11.7 

4. Landing, gear up 

O. 0946 

«■ 0.0332C l 2 

6.9 

5. Landing, gear down 

0. 1146 

♦ 0.0332C l 2 

8. 1 

<L/D> cruise at C,_ 

a 

o 

• 

u 

1 

13.4 


Class 1 Results 




1. Clean 

0.0119 

+ 0.0312C l 2 

25.9 

2. Take-off, gear up 

0. 0269 

♦ 0.0332C l 2 

16.7 

3. Take-off, gear down 

0.0469 

♦ 0.0332C l 2 

12.7 

4. Landing, gear up 

0.0869 

♦ 0.0332C l 2 

9.3 

5. Landing, gear down 

0. 1069 

+ 0.0332C l 2 

8.4 

CL/D) 

cruise at 

C L - 0.3 

i - 20. 4 



3.7.11 CONCLUSIONS AND RECOMMENDATIONS 


The following conclusions resulted from the preliminary 
design work on the NASA- 1 00 t 

1. W TQ - 112, 288 lbs | W £ - 66,042 lbs; W QE « 67,422 
lbs. 

2. Powerplentt Two 13,500 lb turboprops, eft-mounted. 

3. Commons 1 i t y sch i eved i 

s. fuselage cross -sect ion. 

b. cockpit layout. 

c. landing gear. 

d. natural laminar flow airfoils. 

4. Achieved inherent longitudinal and directional 
stabi 1 ity. 

5. The take-off weight will decrease by 20* due to 
high (L/D) characterist ics, but it may increase 

due to the structural weight of high aspect ratio 
wings. 


6. Wing-folding may need to be employed in order to 
meet existing gate requirements. 

The following recommendat ions resulted from the preliminary 
des i gn work s 

1. The feasibility of folding the wings needs to be 
analyzed. 

2. The 100 passenger airplane will need to be 
resized according to the methods of Ref. 1. 

3. The feasibility of achieving a common wing torque 
box needs further study, but will be difficult to 

achieve. 

4. This conf igurat ion should be replaced with the 100 
passenger twin— body model. More commonality 

appears possible with the twin— body conf igurat ion. 

The twin-body model also has the advantage of a 
lighter take-off weight. 
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4.0 COMPARISON OF COMMUTER FAMILY TO EXISTING AIRPLANES 


The purpose of this chapter is to compare data from the 
commuter family with existing regional turbo— propel ler driven 
airplanes. The larger members of the commuter family Mill be 
compared with smaller jet transports. Take-off weights, 
center of gravity excursion range, wetted areas, wing 
loadings and cabin and baggage volumes of the airplanes will 
be compared. These comparisons will attempt to prove the 
validity of the class 1 designs. 

4. 1 CQWPftR I SON OF TORE— OFF HEIGHTS 

Figure 4.1 shows that the commuter family take-off 
weights compared with existing airplanes. The commuter 
family was sized assuming a 5* empty weight savings due to 
the use of advanced structural materials. Aramid Aluminum 
will be utilized to achieve this empty weight savings. 
Appendix E contains data for this composite material. 

4.E CENTER OF GRAVITY EXCURSION 

Table 4. 1 contains the excursion range of the center of 
gravity for the commuter family. These data are compared 
with common excursion ranges for regional turbo— propel ler and 
jet transport airplanes taken from Reference 2. 

From Table 4.1 it can be seen that all the class 1 
designs have C. 6. excursion ranges comparable with contempory 
airplanes. The large range of C. 6. travel for the twin— body 
75 passenger airplane is due to commonality constraints with 
the 3£ passenger design. 

4.3 COMPAR ISON OF AIR PLANE WETTED AREAS 

Wetted areas of the commuter family are compared to 
regional turbo— propel ler and jet transports wetted areas. 
Figure 4.2a compares the wetted areas of the smaller 
passenger capacity airplanes. Figure 4.2b compares the 
larger capacity airplanes. It can be seen that these 
airplanes compare favorably with existing regional turbo- 
propeller and jet transport airplanes. 

4. 4 COMPARISON OF AIRPLANE WING LOADINGS 

Wing loadings of the commuter family are compared to 
existing commuters and jet transports. Table 4. 2 lists wing 
loadings of some existing airplanes. Table 4.3 lists wing 
loadings for the commuter family. The comparison shows that 
the commuter family wing loadings are higher than typical 
commuters but less than jet transports. 
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TABLE 4. 1 

CENTER OF GRAVITY 

EXCURSION RANGE 

COMPARISON 


AIRPLANE MODEL 

RANGE OF C. 

G. TRAVEL COMMON EXCURSION 

RANGES 

25 

passenger 

21" 

.28c 

12"— 20" 

. 14 - 

. 27 

* 

36 

passenger 

20" 

.25c 

12"— 20" 

. 14 - 

.27 

c 1 

50 

passenger 

15" 

. 17c 

12"— 20" 

. 14 - 

.27 

c 

75 


21“ 

. 17c 

26"— 91 " 

. 12 - 

. 32 

c 

100 


30" 

.21c 

26"-91" 

. 12 - 

.32 

c 

75 

twin— body 

31“ 

. 34c 

26“— 91“ 

. 12 - 

*32 

C 

100 

twin— body 

16” 

. 16c 

01 

1 

s 

MS 

<U 

. 12 - 

.32 

c 


TABLE 4 

.2 WING LOADINGS 

OF EXISTING AIRPLANES 





Airplsns 


<W/S) T0 psf 






CASA C-2 12-200 

36. 1 






Shorts 330 


50.5 






Bosch 1 900 


50.3 






Fokksr F27-200 

59.7 



1 



DHC— 6— 300 


29.6 






DHC-7 


66.5 






DHC— 8 


52. 1 






EMB-120 


51.7 






BAs 31 


53.9 






METRO III 


46.9 






Fokksr F-2B 


65.9 . 






BAs 146-200 


107.6 





TQBLg 4,3 MING LOADINGS FOR THE COMMUTER FAMILY 

Airplan» Modsl (M/8)-. psf 


25 Pssssngsr 

50 

36 Pssssngsr 

70 

50 Pssssngsr 

70 

75 Pssssngsr 

70 

lOO Pssssngsr 

70 

75 Twin— Body 

64 

100 Twin— Body 

87 


115 









WETTE3) AftEh 
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4.5 COMPARISON OF CABIN VOLUME WING EXISTING ft I RPLANES 


Passenger end beggege volume ere compered with existing 
eirplenes in Table 4.4. Date for Table 4.4 is compiled from 
Reference 8, Appendix B. 

TABLE 4.4 COMPA RISON OF C ABIN AND BAGGAGE VOLUMES 


Airplane Type 

Number of 

Passengers 

Overhead. Baggage 
Volume <cuft) 

Overhead Volumi 
per Seat (cuft 

NASA 

50 

SO 

56 

1. 1 

38 

36 

41 

1. 1 

25 

25 

29 

1.2 

British • 
Aerospace 
BAe Super 748 

46 

41 

0. 85 

BAe ATP 

48 

100 

1.6 

BAe 146-100 

.64 

56 

0.68 

de Havilland 

DASH 7 

50 

59 

1.2 

DASH 8 

37 

32 

0.86 

Fokker 

F— 27 

52 

40 

0. 77 

50 

50 

79 

1.6 

F— 28 

65 

107 

1.6 

Shorts 

330 

30 

40 

1.3 

360 

36 

52 

1.4 

ATR Consortium 

ATR 42-200 

46 

53 

1.2 

Embraer 

EMB-120 

30 

32 

1. 1 


118 



S. O Commonality ftrulviit of the Commuter Family 


Now that t ha Class I designs for the commuter family 
have been presented, the extent of commonality that was 
implemented needs to be discussed. Table S. 1 shows the 
status of the commonality objectives listed in Chapter 2. 

The twin— body concept is extremely conducive to 
commonality implementation with the smaller commuters. 

This allows for more commonality throughout the passenger 
range. 

The following items are common to all members of the 
commuter family t 

1. Common fuselage cross section. 

2. Common flight deck layout. 

3. Common cockpit instrumentat ion. 

4. Common landing gear tire sizes. 

These features were implemented with a mimimum of 
conf igurat ion design problems. 

To also achieves 

5. Common wing carry-thru structure. 

8. Common landing gear retraction schemes, 

the twin-body configurations were introduced. This allowed 

the above objectives to be integrated into the commuter 

family. The wing areas of the 75 and 100 passenger 

conventional conf igurat ions were too large to implement a 

common torque box carry— through structure. See Table 2.3. 

Also, the lateral gear spacing was too large to accommodate 

similar gear struts with the smaller members of the family. 

The 100 passenger conventional model has 4 tires per bogey 

on the main gear, while the twin-body 100 passenger only 

needed 2 wheels per bogey. See Table 2.4. 

From reasons discussed in Appendix B, two different 

shp turbo-prop engines will be used to span the passenger 

models presented in Chapter 3. Table 5. 1 shows what 

engines are integrated into the airplanes of the family. 

From the Class I drag polar analysis conducted in 

Chapter 4, it was determined that to achieve the desired 

(L/D) values, the 12 aspect ratio wing will be needed, 
cr 

Therefore, the weight penalty of the wing design is 

necessary. 

Empennage and tailcone commonality is desired. Design 
work necessary to complete a proposal for these items has 
not been completed yet. Handling qualities results and 
Class II weight and balance results will be required to 
submit a commonality proposal for the empennage and 
tail cone arr angement . 

Systems commonality will require further study. For 
the flight control system design, the open loop handling 
qualities will be examined and common closed loop 
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character ist ics Mill be proposed. A separate surface 
stabi 1 ity. augment at ion system (SSSA) will be proposed. 
Also a fly by wire flight control system using electro— 
hydrostatic actuators will be researched. 

The critical wing L. E. volume of the 25 passenger 
model will be implemented with a T. K. S. de-icing system. 
This system will then be able to fit into all the other 
airplanes in the family. 
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6- CONCLUSIONS AND RECOMMENDATIONS 

6. 1 CONCLUSIONS 

1) A family of commuter airplanes have been desiged. These 
airplanes range from 25 to 100 passengers. 

2) Take-off weights range from 21046 lbs to 112286 lbs. 

3) The design of a commuter family of airplanes with common- 
ality appears feasible if the twinbody concept is used. 

4) Five designs have been selected to be taken through the 
elass II design procedure! 

a) 25 passenger 

b> 36 passenger 
• c) 75 twin— body 

d) 50 passenger 

e) 100 twin-body 

5) The following commonality objectives have been integrated 
into the commuter family! 

Common fuselage cross section 

Co mm on landing gear tire sizes 

Common main and nose gear retraction schemes 

Common wing torque boxes 

Common powerplants (2) 

Common cockpit instrumentat ion 
Common NLF airfoil 

5tS RECPMMgNpATIQNg 

1) Continue design work on the 25, 36, and 50 passenger 
models. The twinbody 75 and' 100 passenger models should 
also be taken through some class II design methods. 

2) Determine handling characterist ics of .the commuter family. 
This will allow for the design of a flight control system 
that will achieve handling commonality across the 
passenger range. 

3) Propose a common empennage— tai leone arrangement. 

4) Propose designs for common flight and operational systems. 
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APPENDIX A 


COCKPIT AND FUSELAGE ARRANGEMENTS 



TABLE OF CONTENTS 

A.l FUSELAGE CROSS SECTION A. 3 

A. 1.1 Determination of Overhead Baggage Volume A. 5 

A. 2 COCKPIT LAYOUT ■ A. 10 

A. 3 CABIN LAYOUTS A. 11 



A. 1 FUSELAGE CROSS SECTION 


From Figure A. i it is seen that many commuter airplanes in 
the 20 to 65 passenger range have 4-abreast seating. This 
range o-f passenger capacity spans over half of the required 
passenger capacity of the family. For this reason 4-abreast 
seating was selected. 

Figure 2.1 shows the selected fuselage cross section to be 
used in all of the airplanes in the NASA commuter family. The 
overhead storage volume calculated in this section is compared 
with that of other commuter airplanes in tables A. 1 and 4.4. 
















DETERMINATION OF OVERHEAD BAGGAGE VOLUME 
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IfllkE QiA COMPARISON OF CABIN AND BABGA6E VOLUMES 


Air pi an* Typ* Number of Ov*rh*ad Bag gag* Ov*rh*ad Vo 1 urn* 

Paaa*ng*ra Volum* (cuft) p*r S*at (cuft) 


NASA 


SO 

50 

56 

1 . 1 

36 

36 

41 

1 . 1 

85 

25 

29 

1.2 

PcWth 

A*romp*e* 

BA* Sup*r 748 

46 

41 

0.85 

BA* ATP 

48 

100 

1.6 

BA* 146-100 

64 

56 

0.68 

d* Havi 1 land 

DASH 7 

50 

59 

1.2 

DASH 8- 

37 

32 

0.86 

Fokk*r 

F— 27 

52 

40 

0. 77 

50 

50 

79 

1.6 

F— 28 

65 

107 

1.6 

Short a 

330 

30 

40 

1.3 

360 

36 

52 

1.4 

ATR Conaort i urn 

ATR 42-200 

46 

53 

1.2 

Safeamc 

EMB-120 

30 

32 

1 . 1 





A 


CABIN LAYOUTS 


The cabin layouts presented in this section were 'laid 
out' using the methods presented in References (2) and (3) . 
The seat pitch chosen was 32 inches which is consistent with 
those of other commuter airplanes as shown in Reference (8). 

Figure A. 2 presents the cabin layout for the 25— passenger 
commuter. 

Figure A. 3 presents the cabin layout for the 36-passenger 
commuter along with an alternate cockpit layout having 3 
passenger seats to be used as the second cockpit on a twin body 
75-passenger commuter. 

Figure A. 4 presents the cabin layout for the 50-passenger 
commuter . 









APPENDIX B 


Advanced Counter-rotation Propfan Engine Data 


Statement of Purpose: 

The purpose of this appendix is to provide the engine data and 
configuration used throughout this study. 


Table of Contents 


1. Engine Data Source B-l 

2. Engine Selection Criteria B-l 

3. 6,000 SHP Engine Data B-l 

4. 13,500 SHP Engine Data B-2 

5. Installation Characteristics B-2 


BZ 


1 . Eng i n e Data Jour ce 

The engine data used in this report are taken from ADVANCED 
PROPFAN ENGINE TECHNOLOGY (APET) AND SINGLE AND COUNTER-ROTATION 
GEARBOX/PITCH CHANGE MECHANISM. NASA CR-168115. by Allison Gas 
Turbine Division, General Motors Corporation. 

The study engine falls under the designation PD436-11. The 
technology in this propulsion system is verifiable in the late 
1980’ s and is appropriate for production in the mid 1990’s. 

Two engines for this study have been scaled from the APET 
report: a 6000 shp engine and a 13,500 shp engine. The baseline 

engine is shown in Figure B.l. 

2. EngLne Selection Criteria 

The initial criteria proposed for selecting a propulsion 
system for the commuter family was as follows: 

* 2 powerplants per airplane 

* aft-mounted pusher configurations 

* one common engine core used throughout 

Due to the wide range of power levels required between the 25 and 
100 passenger airplanes (4210 - 13400 shp), it was decided to use 
two different engine cores: 

6000 shp engine core: for the 25, 35, and 50 passenger 

configurations 

13,500 shp engine core: for the 75 and 100 passenger twin 

body configurations 

Obviously, the 25 passenger design will be overpowered by 30 per- 
cent, but the engine can be “flat-rated" to meet the airplane’s 
maximum needs. This means the 25, 36, and 75 passenger designs 
will carry an extra weight penalty. 

3. 6,000 SHP Engine Data 
Dimensions: 


Over al 1 

length 

108.5 

i nches 

Maximum 

be i ght 

35.4 

inches 

Maximum 

width 

26.2 

inches 

Max i mum 

engine diameter 

24.9 

inches 

Reduction gearbox diameter 

36.4 

inches 



Weight : 


Engine weight 


879 

lbs 

Reduction gearbox 

and 

308 

lbs 

interconnecting 
Propeller weight 

structure 

1690 

lbs 

Nacelle weight 


964 

lbs 


Pe r f o rmance : 

Sea level, standard day at maximum power 

Power * 62 04 shp 
sfc * 0.368 lbs/bp/hr 

4_. 1 3,^08 SH P Eng in e Da ta 

Dimensions: 

Over al 1 length 
Maximum height 
Maximum width 
Maximum engine diameter 
Reduction gearbox diameter 

Weight : 


and 

structure 

1,690 lbs 
1,360 lbs 

Performance: 

Sea level, standard day at maximum power 

Power « 13,457 shp 
sfc « 0.357 lbs/bp/hr 

5. Installation Characteristics 


Engine weight 
Reduction. gearbox 
interconnecting 
Propeller weight 
Nace lie we i ght 


150.1 

inches 

48 . 9 

i nches 

36 . 2 

i nches 

37 . 3 

i nches 

54.6 

i nches 


1,905 lbs 
1,040 lbs 


The following dimensions are related to Figure B.2. The 
installation data is for a counter-rotation pusher propfan (6x6 
blades) for Mq rulse*®-"^®* 


'S 


0. 55D 
L C g s 0 . 09D 
d = 0.25D 
Fbf * 1 . 5BL 


KM 


where, D - Blade diameter 
BL - Blade length 
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A IRFOI L DATS 



C . 1 S UMMARY 


This appendix details the procedure, arid decisions made 
in determining realistic NLF airfoil section data. The 
design conditions for the airfoil ares 

1) Drag Divergence Mach Number of .75 
£) Design Lift Coefficient of .40 

The airfoil section described herein is a paper airfoil. 
It is modeled after the HSNLF ( 1 ) — 0213 airfoil designed by 
J. Viken at NASA Langley. To obtain actual data, extensive 
computer analysis and wind tunnel tests would be needed, 
which are beyond the scope of this project. 

The assumed airfoil character i st ics are: 


t /c * 
t/c * 

C 1 " 
max 

c d . ■ 
rniri 

c d . ■ 
min 


m 


ac 


M 


dd 


117 (unswept) 

1£9 (swept £0*) 

1.6 

.0035 (low speed) 
.0075 (cruise M«. 70) 

105 deg" 1 
10 


75 




< 2.3 


Appendix D 


Class I Landing Gear Retraction Scheme 



D±. Cl_ass £ Landing Gear Ret.racti.gn Scheme 

This section presents the retraction kinematics -for the 
landing gear of the family of commuter transports. 

From Reference 2 a preliminary tire choice was made with the 
following dimensions: 

Do = 30 inches W = 8.8 inches 

To achieve complete stowage of the nose gear a retraction 
scheme which i ncorportated the tires turning 90 degrees relative 
to the main strut was required. Figure D. 1 shows the retraction 
kinematics for the nose gear. 

The main gear could not be stowed within the fuselage. 
Figure D.2 shows the retraction kinematics for the main gear and 
the modification made to house the main gear. 

The Class II landing gear analysis may result in some 
changes to the landing gear as proposed here. These changes are 
believed to be, increase the number of tires on the main landing 
gear from two to four or use two different tires, one for the 
nose gear and one type for the main gear. 
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APPENDIX E 


ARAM ID ALUMINUM DATA SUMMARY 


Table of Contents 


E.l Properties E.3 
E. 2 Strengths E.3 
E.3 Machinability E.3 
E. 4 Areas of Concern E.4 
E.5 Most Likely Structural Component Uses E.4 


E-2 



September 4. 1986 


■ Preliminary Overview of Feasibility of using ARALL 

H as a Primary Component of Aircraft Structures 


ARALL - Aramid Aluminum Laminate. 

based upon an 

August 1983 

report. 

E.l PROPERTIES: 


2024T3 

7075T6 

ARALL* 

.2% Yield Stress (KSI) 

52 

70 

77 

Ultimate Tensile Stress (KSI) 

68 

81 

114 

Proportional Limit Comp. (KSI) 

39 

70 

47 

Youngs Modulus (KSI) 

10440 

10440 

9135 

Failure Strain % 

17 

11 

3.5 

Specific Weight 

2.8 

2.8 

2.45 

Density lb/ft 3 

174.8 

174.8 

152.95 

*ARALL 7075-T6 sheets with intermediate modulus 

fibers and pre-strained. 


E.2 STRENGTHS : 

High static strength particularly in tensile yield stress. 

High fatigue resistance, in fact it is almost fatigue insensitive, with a life 
cycle of a factore of ten(10) times more testing cycles. 

Better corrosion resistance, including the bondline when pretreated. 
Delamination under heavy loads and corrosive environment is no problem. 

Quality control by C-scan and Fokker bond tester easily detected delamination 
and voids. 

E.3 MACH INABILITY: 

Easily cut, drilled, sawn and milled by normal workshop procedures. 
Countersinking is possible with conventional rivets. Briles rivets are ideal 
for thin skin installation. 
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Adhesive bonding with pretreatment and high temperature curing is allowable. 
This material can also be bolted. 

Plastic sheet bending is possible, including fabrication of stiffeners and 
limited double curvature bending. 

E.4 AREAS OF CONCERN: 

Prestressing of fibers, a technique to obtain better compressive properties, 
is "rather expensive". 

Strength decreases with moisture absorption. Stiffness is not significantly 
affected. 

Notched fracture toughness is comparable or worse than A1 alloy. (Intermediate 
modulus fibers had best properties when notched) 

Low fracture toughness when through the thickness damage(cut fibers) occurred. 
Although it had far superior fracture toughness with the fibers intact. This 
is offset by whether such accidental damage will ever occur. 

Avoid peel forces higher than 0.146 psf. 

E.5 HOST LIKELY STRUCTURAL COMPONENT USES: 

Where panel loading is above 6.27 psf, probably in lower skin of wing 

cylindrical part of pressure cabin 
Lower Wing: Changes from fatigue critical to mainly critical in 
compress ion (negative gust case). 

Fuselage has two critical areas: 

Bottom: Fatigue critical in tangential, compression critical in axial. 

Crown: Fatigue critical. 

Overall, where used yielded about 30 percent decrease in structural 
weight. 
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C L flSS I WEIBHT FRACTIONS FOR THE COMMUTER FAMILY 



F. 1 STATEMENT OF PURPOSE 


The purpose of this appendix is to present the class I 
weight fractions for the airplane family components. These 
weight fractions were compiled from weight data in 
Reference 7. Table F. 1 displays the airplanes used to 
compile the database and the weight fractions for the 
commuter family. 


TABLE F. 1 CLASS I HEIGHT FRACTIONS 


Component 

Fokker 
F— 27— 200 

Fokker 
F— 27— 500 

DeHavi 1 land 
DHC7-102 DHC6-300 

Commuter 

Family 

Fuselage 

.099 

.114 

. 106 

. 136 

. 114 

Wing 

. 104 

. 100 

. Ill 

— 

. 105 

Empennage 

.024 

.024 

.030 

.024 

.025 

Powerplant 

— 

— 

. 107 

. 100 

. 103 

Landing Gear 

.042 

.041 

.039 

— 

.041 

Fixed Eqpt. 

— 

. 144 

. 169 

. 145 

. 153 


APPENDIX 6 

MING TORQUE BOX COMMONALITY 


G. 1 STATEMENT OF PURPOSE 


The primary objective of this Appendix is to determine 
the location of the front spar and the rear spar such that 
the chord lengths of the wing torque boxes of the 25, 36, and 
50 passenger airplanes are equal in length. Table G. 1 lists 
the wing geometries. 


TABLE G. 1 COMMUTER FAMILY MING GEOMETRIES 


Wing Area ft® 
Aspect Ratio 
Wing Span ft 
Root Chord ft 
Taper Ratio 


?£...P •* 36 P •* 50 P*x 


421 

449 

591 

12 

12 

12 

71. 1 

73.4 

64.2 

6. 46 

6. 74 

10.0 

0.40 

0.40 

0.40 


Of these different wing conf igurat ions the length of the 
torque box was limited by the wing root chord length of the 
25 passenger commuter. The results are listed in Table 6.2. 
See Figure 2.4 for the wing overlays with the common torque 
box structure shown. 


Passenger 

Model 


TABLE 6.2 WING SPAR LOCATION 


Front Spar 
Root Tip 


Rear Spar 
Root Tip 


25 

36 

50 


060 

075 

110 


060 

064 

130 


650 

790 

750 


650 

765 

615 
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*************** TAKE-CFF SI 2 X h G 


'FAR 25 CERTIFICATION CATEGORY” 
REGICK AL TlfiBC-PRCP 
FRCPELLER CFIVEN 


INFUT CATA 


-CFF DISTANCE <STC> J 
KINIHUK WING LOADING *£• 
FAX1F.UK WING LOADING, l c ?*< 
KIMKUK TAKE-CPF LIFT COEFFICIENT 1.4C 
KAXIKUK TAKE-CFF LIFT CCEFFIC1ENT 2.6C 


C. C (F E ET) 

C.C (FEET) 
2C.CC(LE/FT**2) 
CC.CC(Lfl/FT**2) 


CUT PUT CATA 


TAELE CF POWER LOADINGS 


c.cc 

20. C 

40. 0 

18:8 

1CO.O 


1.4C 

18.8 

9.4 

U\ 

3.6 


CLMAX-TC 
1.6C 2 . 2C 


24.2 

12.1 


2 9 .6 
14.6 
9.5 
7.4 
5.9 


2. 6 C 

35.0 

17.5 

11.7 

6.8 

7.0 


Ta fi .3 Lf h'/I h «£)&> 


REGIONAL TLRBC-PRCP 
FAR 25 CERTIFICATION CATEGORY 
GROSS TAKE-OFF WEIGHT (WTC) 21C4E.C(Lt<V 

T “ l * c " kEI6( " ■»« 1-8t IT, 

E'wiIg APPRCAC* Sf E£C <Vt> ’ CC 1C8?CCftS) /fT “ 5> 

LANCI NG FIEIC LEKGT P <SFL> 35«:C(FEET) 

(W/$)TC* 23.4CCLKAXLAN0) 

to iiiifiKifin 


CL K AX 


(LAND) 


1.4C 

1.80 

2.20 

2.60 


mxihuk wing loading 


(TAKE-CFF) 
(LB/FT**2 ) 


32.77 

42.13 

51.49 

6C.65 


Ttsiz // . y 


* H*** Hi* «*«i*«ii 5{s iii stl* ******** iHi* 


****** 1NRLT C A1A ****** 

MAXIMUM IAkE-OFF WEIGH (CLEAN) 
WING AREA 
ASPECT RATIC 

SKIN FRICTICN COEFFICIENT 
AIRFLANE WETTEC AREA 


21C4E.C (LBS) 
42C.C0 ( FT** 2) 

12. CC 
C.CC25C 
291C. (FT**2) 


CRAG INCREMENT DUE TC TAKE-CFF FLAFS • C 2C C 
CRAG INCREMENT CUE TC LANCING FLAPS .C6CC 
CRAG INCREMENT CUE TC LANCING GEAR 


• C15C 

• 8 5C 


CSWALOS EFFICIENCY FACTOR (CLEAN) *.85C 
OSWALDS EFFICIENCY FACTOR (TAKErCFF) .8CC 
OSWALDS EFFICIENCY FACTOR (LANCING) .800 


****** CALCULATED DATA ****** 


THE CCNFLETE SET CF CRAG FCLARS ISi 


1. LOW-SPEEC (CLEAN): 
CD * .C2C8 * .C21*CL**2 


L/Cvax *15. A3 


2. TAKE-CFF (LANCING CEAF LF): 

CC * .C4C8 4 ,C222CL**2 L/Crsx *12. EC 

3. TAKE-OFF (LANCING GEAR CCWN): 

CO * .C55e 4 '.C22 2CL**2 L/C««x *11. E3 


LANDING 


(LANCING GEAR LF): 


CD * .OBC 8 4 ,C222CL**2 


L/Ceax * 5.EE 


5. LANDING (LANCING GEAR CCNK): 

CC * .C55 8 4 . C 22 2CL**2 L/C#»x « 8.E? 
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Fm 25.111 teen “mini cim seccem" 



FAR 25.111 CUKE GRADIENT (INITIAL SEGMENT) 1.20CC 
7AELE CF FCWER LOADINGS REQUIRED 


WING LOADING 
<LB/FT**2> 

ASPECT 

PATIO 


= 20. CC 


4C.CC 


6C .CO 


6C.CC 


1CC.CC 


1C.CC 

11 . oc 
12.00 

13. 00 

14.00 


72.72 
75.43 
7 f . 85 
6C.C3 
81.99 


51.42 

53.34 

5S.C5 

56.5$ 

57.57 


41 .55 

43.55 
:44 . 55 
46 . 2C 
47.34 


36.36 

iS:|l 

28ri2 


32.52 

33.74 
34. E2 

35.75 
36. <7 


nt 11.5 ^ 


FAR 25.121 (CE1) “SECOND SEGNBNT CUKE* 


FAR 25.121 CLIPS GRADIENT CSECCNC SEGPEN'T ) 2.400C 

TABLE CF POWER LOADINGS REQUIRED 


WING LOADING 
<LB/FT**2) 

ASPECT 

RATIO 

10.00 

11.00 

12.00 

15:88 


* 20. CC 


4C.CC 


60.CC 


64.77 

66.52 

66.61 

7C.5C 

72.02 


J?:!S 

4 8.66 
45.85 
SC. 52 


27. 4C 
28.63 

35.73 

4C .71 
41.56 


ec.oc 


2 i:Zd 

24.41 
25.25 
26. Cl 


1CC.CC 


Tabic 


far 25.121 (CEI) “TRANSITION SEGFENT CLIPE“ 

FAR 25.121 CLIPB GRADIENT (TRANSITXCN) C.10CC 

TABLE CF POWER LOADINGS REQUIRED 


WING LOADING* 20. CC 4C.CC 60.C0 
(LB/FT**2) 


8C.0C 1C0.CC 


1C. 00 


13.00 
14. OC 


58.27 

S2:81 

7C lie 


41.2C 
0.57 
4f.76 
■4 f .8 C 
45.65 


• 23.64 
4C.57 


25.14 

?S:?J 

'i:u 

35.14 


IS 01 


H.SJ' 


ssxsilssilsiilis *r*I«*S**I £ « CL3Wfi SEGMENT" 


OF FC ( 


^ w A 


FAR 25.121 CL If E GRACIEKT (EK-RCLTE) 1.2C0C 

JAELE CF PCWER LCAC1NCS RECUIREC 


WING LCACING = 
cie/FT**2> 

ASPECT 

RATIO 


20. CC 


4C.CC 


EC .CC 


EC. 00 


1C.0C 

11. oc 

1 2.00 

13. CC 

14. CC 


51.83 
5 5.76 

i ?!: 1 S 

1C5.43 


’Mil H.S t 


64.94 

<7.71 

V--H 

7 1 .4 5 
74.55 


52.02 

55.25 

57*23 

55. *5 
6C.87 


45.52 
47. EE 
49.65 


FAR 25.119 CAEC) 


"LANDING CUP B S E G N E NT " 

miicn ititimntcttRS 


FAR 25.119 CLINE GRACIEKT (LANCIRG) 

TABLE CF PCWER LCAC1NCS RECLIREO 


2.200C 


WING LOACING ■ 
(L B/F T**2 ) 

ASPECT 

RATIO 

1C. 00 
11.00 
12. OC 

13.00 

14.00 


20. CC 


4C.CC 


60.C0 


26.14 
ii -55 
27.66 
28.25 
28.85 


18.48 

15.05 

15.56 

2C.0C 

2C.4C 


15.05 

15.56 

15.57 
16.32 
16.66 


8C.0C 1CC.CC 


13.C7 

13.47 

13.52 

14.14 

14.43 


TttiE ISJ} 

FAR 25.121 (CEl) "GC-ARCL'NC CR EALRED LANCING" 

iciiiitiituisictcimtiiiii itsiittimttcsiBti 

FAR 25.121 CLINE GRACIEKT <GC*ARCLNC> 2.100C 

TABLE CF PCWER LCACINCS REQUIRED 


WING LCACING 
<LB/FT**2) 

ASPECT 

RATIO 


* 20.CC 




41.53 
42.74 
42.43 
44. C4 
44.57 


40. OC 


Hill 

2 1 .1 4 

51.52 


60.CO 


\i:li 

1 ?:£! 

25.72 


8C.00 1C0.CC 


i?:|! 

22. C2 
22.28 
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WEIGHT ESTIMATION FOR A REGIONAL. 
PROPELLER DRIVEN AIRCRAFT 
PASSENGER WEIGHT IS 10250. 

CARGO WEIGHT IS C. 


1 CREW WEIGHT 

IS 

615. 






! 

j PHASE W/W CJ 

OR CP 

NP 

L/D 

ALTCR 

RC MCR OR V 

E OR R 

PLDROP | 

i 1 0.990 

0.00 

0.00 

0.00 

0. 

0.0 

0.00 

0.00 

0. 

| 2 0.995 

0.00 

0.00 

0.00 

0. 

0.0 

0.00 

0.00 

0. 

3 0.995 

0.00 

0.00 

0.00 

0. 

0.0 

0.00 

0.00 

c. ! 

4 0.994 

0.50 

0.77 

15.00 

30000. 

3000.0 

270.00 

0.00 

o. ! 

5 0.909 

0.40 

0.85 

16.00 

0. 

0.0 

0.00 

1055.00 

e. j j 

7 0.985 

0.00 

0.00 

0.00 

0. 

0.0 

0.00 

0.00 

0. 1 

8 0.995 

0.00 

0.00 

0.00 

0. 

0.0 

0.00 

0.00 

0. I 

REGRESSION COEFFICIENTS ARE A*0.3989 AND B*0.9647 




THE MISSION 

FUEL FRACTION WITHOUT RESERVES 

IS:0.866 





THE GROSS TAKE OFF WEIGHT IS 42057. POUNDS. 
THE EMPTY WEIGHT IS 23963. POUNDS. 

THE WEIGHT OF FUEL IS 6913. POUNDS. 




'*?*?EHPTY WEIGHT REDUCTION DUE TO COMPOSITES: 5.0 PER CENT 

" SENSITIVITY ANALYSIS BEGINS HERE « 

GROWTH FACTOR DUE TO PAYLOAD WEIGHT IS 4.2 

THE TAKE-OFF WEIGHT TO EMPTY WEIGHT SENSITIVITY IS 1.7 


CHOICE NUMBER.. 4 S 


CLIMB TO CRUISE CRUISE 

J 

SFC (L8/LB/HR) 

XX (X 

xxxx I 

SFC (LB/HP/HR) 

0.50 

0.40 ! 

PROP EFFICIENCY 

0.77 

0.85 ! 

L/D 

16.0 

16.0 

VELOCITY (KNOTS) 

270.0 

0.0 

RANGE (NT. MILES) 

XXXXXXX 

1055.0 

ENDURANCE (HRS) 

xxxxxxx 

******* 

THE SENSITIVITY OF GROSS TAKE-OFF WEIGHT TO THE FOLLOWING PARAMETERS 
IS NOW GIVEN AS THE PARTIAL DERIVATIVE OF THE GROSS TAKE-OFF WEI6HT 

TO THE INDICATED PARAMETER. 


DWTO/DCJ (LB/LB/LB/HR) 

0.0 

0.0 

DWTO/DCP (LB/LB/HP/HR) 

0.0 

39784.5 

DWTO/DNP (POUNDS) 

0.0 

-18722.1 

DWTO/D(L/D) (POUNDS) 

0.0 

-994.6 

DWTO/DV (LB/KNOT) 

0.0 

0.0 

DWTO/DR (LB/NT MILE) 

0.0 

15.1 

DWTO/DE (LB/HR) 

5619.8 

0.0 
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: C-L'ISr Sf’ErC * i. C j I ? 


(«/-') C * / 5 ) ( - / p ) C * / r ) ( W - ) 
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1 0 . u 


< . . * 
-.17 
: . if 

1u.i7 


- * ? 1 


1 £. t 7 


1 . 

L.-5 

;.r 
*1 
c. U 


ORIGINAL PAGE IS 
OE P.OOR QUALITY 


JJI 



3. 4 Fukp sizinjg 

4 he nne 4- Uod of Ref. Z , C. k . 7 , i+- /s 

<4 ei Cr W\ I in 'f-ly oA + U 0. -f © / / O u/ i ^ ^ -£ 1 a p 0 0 o i£ 
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Fro™ 
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X yy 
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M,£U<£.£LL 1 , CA U2 Z • & pa-* LL=J2==Ms. 

vX 5 V-ff/Kg tlEjyfBE. ££JL BMP£A^AG£ <$/z/a/G 
- /Reference Z CVi«.p4er 3 
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K.e 
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K.W 

K. 7 
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Jf/v£/7. EAlC. \ 7 S' MX 7-22 -fS 


TABLE K.2. 

"FAR 25 CERTIFICATION CATEGORY" 
REGIONAL TLREC-PROP 
PROPELLER DRIVEN 


INPUT DATA 


ALTITUDE 

FAR 23 TAKE-CFF DISTANCE <STC> 
MINIMUM WING LOADING 
MAXIMUM WING LOADING 
MINIMUM TAKE-OFF LIFT COEFFICIENT 
MAXIMUM TAKE-CFF LIFT COEFFICIENT 


C.Q (FEET) 

0.5 (FEET) 
2C.CC ( L6 /FT **2) 
1C0.C0(L6/FT**2) 
1.60 
2.40 


W/S 
u . 00 

20.0 

40.0 

60.0 
80.0 

100.0 


OUTPUT DATA 

TAELE OF POWER loadings 
CLMAX-TO 


1.6C 1 . 6 C 2.0C 


:.2C 2.40 


21.5 

’ 9:1 

5.4 

4.3 


24.2 

12.1 

8.1 

6.1 

4.8 


FAR 


26.9 

13-5 

l: c 7 

5.4 


29.6 

14.8 

9.9 
7.4 

5.9 


32. 3 
16.2 
1C. 8 
8.1 
6.5 


REGIONAL TUR6C-PRCP 
25 CERTIFICATION CATEGORY 


GROSS TAKE-OFF WEIGHT 
LANDING TO TAKE-OFF WEIGHT RATIO 
ALTITUDE 
DENSITY 

LANDING APPROACH SPEED (VA) 
LANDING FIELD LENGTH (SFL) 


(WTO) ___ 82491.0(^6^) 


O.C(FEET) 

.0023769(SLUG/FT**3) 

108.0(KTS) 

35C0.0(FEET) 


(W/S) TO* 2 3 • 40CLM AX ( LAND) 


MAXIMUM TAKE-OFF WING LOADINGS 
TO MEET LANDING DISTANCE REQUIREMENT 

xx stittxtsttitct x x sss s xxx x sss uttscnt 


CL MAX 


MAXIMUM WING LOADING 


(LAND) 


2 

2 

3 


:!8 

.60 

.80 

.00 


(TAKE-OFF) 

(LB/FT**2) 


6C.85 
6 5.53 
7C.21 


ORIGINAL PAGE IS 
OF POOR QUALITY 


K.t 



G. I £/s£A. CAL 'C. 7P fA* l-ZZ-fS 


TAbLE K. 3 


SIZING TO STALL SFEED ********* 

* ★ ** * ** * it 

MAX T-0 WING LOADING ********* 


TAKE-OFF WEIGHT 
STALL SPEEO (FLAPS-UP) 
stall SPEED (FLAPS-DOWN) 
CLMAX (FLAPS-UP) 

CL MAX (FLAPS-DOWN) 

WING LOADING (FLAPS-UP) 
WING LOADING (FLAFS-DCWN) 


62491.0 LB S 
12C.CC KTS 
ICC. CD KTS 
1 .50 
3.00 


73. 2^ te/fT**<: 

101.70 Lb /FT** 2 


LB / FT** 2 


max take-off wing loading 


73.22 LB /FT** 2 


tit ************ ********************* 

DRAG POLAR EOLATIONS ************ 


* * * * ** 


INPUT DATA 


****** 


MAXIMUM TAKE-OFF WEIGHT (CLEAN) 
WING AREA 
ASPECT RATIO 

SKIN FRICTION COEFFICIENT 
AIRPLANE WETTED AREA 


62491.0 (LB 
5CG.C0 (FT 
12. CO 
C. 00250 
8173.(FT**2) 


(LBS) 

( FT** 2) 


DRAG INCREMENT DUE TO TAKE-CFF FLAPS .015C 
DRAG INCREMENT DUE TO LANCING FLAPS .030C 
DRAG INCREMENT CUE TO LANCING GEAR .020C 

OSWALOS EFFICIENCY FACTOR (CLEAN) .650 
OSWALDS EFFICIENCY FACTOR (TAKE-CFF) .SCC 
OSWALDS EFFICIENCY FACTOR (LANDING) .600 

****** CALCULATED DATA ****** 


tHE COMPLETE SET OF DRAG POLARS IS: 


1. LOW-SPEED 
CD * .0490 + , 

2. TAKE-OFF 
CD « .0640 + , 

3. TAKE-OFF 
CD * .0840 ^ 

4. LANDING 
CD * .0790 ♦ , 


(CLEAN) : 
C31 2CL**2 


L/Dmax *12.78 


(LANCING GEAR UP): 

>0332CL**2 L/Cmax *10.65 

(LANDING GEAR CCWN): 
,0332CL**2 L/Cmax * 9.47 

(LANCING -GfAR UP): 

C332CL**2 L/Cmax * 9.77 


5. LANDING (LANDING GEAR DOWN): 

CD * .0990 ♦ • Q332CL**2 L/Cmax * 8.73 


KA 


c ' 4 





6- PAA6USH £a/SS. calc. TB'AAx 9-22-fC 


JAB LB K.4- 


FAR 25.111 (CEI) "INITIAL CLIME SEGMENT" 

SSSSS=SS = 55SS5555 SSCS S S SC SSSSSSS5S r 

FAR 25.111 CLIMB GRADIENT (INITIAL SEGMENT) 1.200C 
T A 5 L c CF POWER LOADINGS REQUIRED 


WING LOADING * 20. OC 

<LE/FT*»2) 

ASPECT 

RATIO 


4C.CC 


60. CO 


6C.0Q 


100. CC 


10.00 

11.00 

12.00 

13.00 

14.00 


77.75 
61 .87 

65.66 
69.14 
92.37 


54.96 

57.89 

6C.57 

C3.03 

65.31 


44. 89 
47.27 
49. 45 
51 .47 
53.33 


<CSI) "TRANSITION segment CLIMS" 


: ss s 


36.66 

40.94 

42.63 

44.57 

46.16 


FAR 25.121 CLIMB GRADIENT (TRANSITION) 0.0001 

TABLE CF POWER LOADINGS REQUIRED 


WING LOADING ’ 
(L3/FT**2) 

ASPECT 

RATIO 

12.00 

13.00 

14.00 


20. CC 


81.59 

86.63 

91.33 

95.72 

99.83 


4C.CC 


57.7C 

61.26 

64.56 

67.66 

70.59 


60.00 


47.11 
50.02 
52. 73 
55. 26 
57. 64 


80.00 


40.60 

43.22 

45.66 

47.86 

49.92 


FAR 25.121 (CEI) "SECOND SEGMENT CLIMB" 


FAR 25.121 CLIMB GRADIENT (SECCND SEGMENT) 2.400C 
TABLE OF POWER LOADINGS REQUIRED 


34.77 
36.61 
38.31 

39.67 
41 .21 


100.00 


36.49 
38.74 
4C. 84 
42.81 
44.65 


WING LOADING 1 
(LB/FT **2) 

ASPECT 

RATIO 

10.00 

1:88 

13.00 

14.00 


20.00 


70.67 

74.06 

77.14 

79.96 

82.54 


4C.CC 


49.97 

52.37 

54.55 

56.54 

56.36 


60.00 


40. 80 
42.76 
44 . 54 
46. 16 
47. 65 


6C.00 


35.33 
37. C3 
33.57 
39.96 
41.27 


100.00 


31.60 

33.12 

34.50 

35.76 

36.91 


K. to 


\ 


30 SHIFIS 


6- M 'A GUSH CABC 


7^ AAX 9-2Z-PO 


tkble k. o 


far 25.121 ( CE I) "EK-RCbTE CLIVE SEGMENT" 
ss:::s::s:s::s::ss:ts:s:ss::tstc sssr sr sss s 

far 25.121 CLIMB GRADIENT CEN-RCLTE) 


1.200C 


TABLE CP POWER LOADINGS REQUIRED 


WING LOADING * 20.00 

<LB/FT**2> 

ASPECT 

RATIO 


40. CC 


60.00 


ec.oo 


100. CC 


10.00 


67.76 

47.93 

39.13 

33.89 

30.31 

11.00 


69.96 

4 9.46 

40.40 

• 34.99 

31 . 29 

12.00 


71.92 

50.65 

41.52 

3 5.96 

32.16 

13.00 


73.64 

52.07 

42.52 

36.82 

32.94 

14.00 


75.19 

53.17 

43.41 

37. 6C 

33.63 

PAR 25.119 

(AEC) 

-LANDING 

CLIMB SEGMENT” 



SSSBS &SSSCSSCSSS 

ststssxstmsssi s sss sx 

'SSS 



FAR 25.119 

CLIMB 

GRADIENT 

(LANCING) 


3.200C 



TABLE CF POWER LCAClNGS REQUIRED 


WING LOADING ' 
(LB/FT **2) 

ASPECT 

RATIO 

10.00 

11.00 

12.00 

13.00 

14.00 


20.00 


30.32 

31.60 

32.76 

33.80 

34.75 


40. CC 


60.00 


21.44 

22.35 

23.16 

23.90 

24.57 


17.51 
18.25 
18. 91 

19. 52 

20.06 


6C.00 


15.16 

15.80 

11:18 

17.38 


100.00 


13.56 

14.13 

14.65 

15.12 

15.54 


K.H 



PKASOSH C/vSt. CALC. -7CAAX 9-zz-g’C 


TA&L£_ K- ( 

PAR 25.121 (CEI) "GC-AROUNO CR BALKED LANDING" 

= = = = = = = = = = = s = = =sssssssssssrsrB**ssssec s- 

PAR 25.121 CLIMB GRADIENT (GC-ARCUNC) 2.100C 

TABLE CP POWER LCACINC-S REQUIRED 


WING LOADING * 20. CC 

(L B/ F T **2 ) 


ASPECT 

RATIO 

10.00 

11.00 

12.00 

13.00 

14.00 


52.95 

54.53 

55.93 

57.17 

56.26 


40. CC 


27.44 

36.56 

39.55 

40.42 

41.21 


6 C . 0 0 


30.57 
31 .49 
32. 29 
23.01 
23.65 


ec.oo 


26.47 

27.27 

27.57 

28.55 

29.14 


ALTITUDE 
DENSITY 
ASPECT RATIO 

OSWALD'S EFFICIENCY FACTOR («) 
PROPELLER EFFICIENCY 
ZERO LIFT DRAG COEFFICIENT 
MAXIMUM TAKE-OFF WEIGHT 
SPECIFIED MANEUVERING WEIGHT 

VELOCITY 
MACH NUMBER 
MAXIMUM LOAD FACTOR 


100. CC 


23.66 
24.29 
25. Cl 

25.57 

26.06 


30000.0 (FEET) 

. 0ClBs93 ($LUG/FT**3) 
12. OU 
0.S5 
0.90 
0.04903 

62491.0 (LeS) 

5C00C.C (LBS) 

250.0 (KTS) 

0.42 

1.00 (s'*) 


MINIMUM WING LOADING 
MAXIMUM WING LOADING 


20.00 ( LB / FT ** 2 ) 
ICO. 00 <La/FT**2) 


(W/P)«(w/S>/ 0.30 4 2978 .35( w/S) 

__ POWER LOADINGS NECESSARY 
TO MEET THE CRUISE SPEED REQUIREMENTS 


<W/S) 

ACTUAL 


.(W/S) 

TAKEOFF 


(W/P) 

ACTUAL 


(psf) (psf) (lb/ hp) 


( w / P ) 

takeoff 

IN FLIGHT 
(lb/hp) 


(W/P) 

TAKEOFF 

STATIC 

(lb/Mp) 


51:88 

51.00 

66.00 

85.00 


? 8:88 

18:88 

100.00 


1:58 


6 , 

4 t _ . 

6.3 0 
6.41 
10.51 


2.47 

4.94 

7.42 

9.69 

12.36 


1.24 

2.47 

3.71 

4.94 

6.18 


K- (2 



(?. P£Ab>JASn_ I £/V&F. CALC. I Vi mA /f-OA'Fi 

)C4_ FLAP S/2/W6 

US/V6 a METHoP /M CP. 7 OF FFF 2 
XT WAS PE TF AM WFP TFAT THE 

FOUOwfWS FLAP EFO/AFTPy Ia/OULP EuPPiy 
THE XA/CAfFlF PTA L 0-/FT AS EC ESSAAy FCF 

TAKE -OFF AWO LAWP/wC , SEE TA-OLE 

K .7 . FHF £>£$/ fits CACCuLAT/aws foLloia/. 

7 ~aBl£_ F7 7F Pax Flap 6EomFTAy 
TAP I LI PS E 06 E FOWLEP FLAPS 
CE/C = 0.2.F 

Sv^e/S ' 0. SO 

te/b 7 o. go 

Sf - 30' 


K.& 







<5 0AA6ctS#-~\£M£fi. CAlC. \’7S'/ , AX 9-Zz-fF 
FLAP SIFIN6 ■ VF FAX 

-4; 2fr " -t*” ~A~ lc - i^2. C C 2SX AZ^yj 


-ta.w ~A-'2g-g- 


. 26 f - . 036 


4zr; * >3 


ASS umF FRom /WATCHING 6 FARM : 


"t~/V)AX 


1.40 


CLEAN 


'^mAX. 


'Fma* 

\N 


/.OF (C t 


'L/tax 

Clean 


/.OF ('/.■to) 


1.4-7 


'l /TJAX 


IA/ 

(A“S **EPT 


'■ 47 /cos, /3 


IAA/G&E At 


't-/nAX , 
w 


0. 9F C A Fr /. f) /z 


"C/kax. 


1.43 


AC 


L-mAX 


'•OF Cc LrnAX - C L/nA ) 


A C L„*x. ' !■ OF {. 3.00 - /.43 s ) 


AC 




/. 6F~ 


C/s/K. 


K.H 



(5. PE A E tJS/-/ I CALC. 1 7r//ty ?~ZZ -PC 

Kjl . * (/- 0 . 0 ? ccs * / 3 e ) CoS * / 3 ‘ 

/Ci ’ O . 90 E 

i 

! ASSUME " : C^/c * 0 . 2 £~ 

cT ; ’ 30 '' 

\ 

K- 0.9 E 


A Cj - 

C /o. 90 F^CjO/r)/ fX 



F W-f / S 

F/^S 

AC/rf+y 

aCj 

0 , 4 - 

2 .Fo 

3.74 

3. 90 

os 

2.00 

2.39 

3.3 

0. 6 

1.67 

2. EO 

2 . CO 

0.1 

1.4 3 

2.14 

3.23 

o.t 

I.2F 

1.87 

1. 9E 

0.9 

/.// 

/.EE 

/. 73 

For Fowler' F/ops : 



Assume 

■■ O# - 2fr 



C 4* f 

- 2ir ( /A 0. 2 £-) 

' « 2. 9 S’ 


II 

vS 

<Ff 

(7. 8eXo-47Xo. 

Sz) 


AC# = 1.93 
•'■ Swf /s • 0. $ 


E.ir 




PAA Cx US At | EA/St, CALC. \7S fAX N-OX-S6 

K. E V-/n£THo£> Ft A £pnPENNA£E_ SEZ/nE 

THE 7 E PAX CommuTEA EMFfNNAEE 
/E Of THE Eon VEa/T/ONA L T- TAIL TYPE . 

table k. t contains the: EEo/nETAy 

OP THE f/nPENNAEET , FACT TABLES ?, £ * 
A-/PO EPS j A^EPAEE values or 

V K AN P Vs \nEAE OBtAiMEP. 






k 


£. PRAGUSH_ _ | Cw<? A. CALC \7FRAx f-22-PC 
E/n PENNA 6 E SIZING ~7E PAX : 


THE FOLLOW/wG VALUES WERE 
PSTEPNUNED BX Goff PAP /SOM WITH y 
rnp-eo & -72-7 -ZOO , BA? 1 AC -ZOO awd 
-the FOKHEP F2E. 


It 

* tOS. 42 

■fit. 

dt 

» 7. OS 

-ft. 

Ay 

• AS. E 

~Pt ■ 

Ak 

• SS.3 

■ft. 

Ak 

* ).0? 


Ay 

* 0.0i3 

y 

• 2A\.i 

■ft* 

Sy 

- 2 SEE -ft- 

Se 

- g-7.0 

-ft 3 

Sr 

* ZC. 9 

-ft* 


ELEVATOR CHORD n 

ROOT/T/P (FRACTION OF C h ) 

0 - 31 /o.A-F 

RUDDER, CHORD 

Roory-T/P (FRACTION OF C v . 
0 ■ 3E~ / /o. 32 



( 





6^ PA/bPuSH 
HOP / 20MTAL 


E7V4B. CALC. 
TAIL ■ 


7£~ TAX 9-2Z-PT | 
TABLE K.Z 


r - 0‘ 


i k * Variable 


/>e ' 

■T 3 

JL 

,2SZ 

* 32° 

K * 

0.3 £ 

Cr • 

ll.Oi 44 

^ - 

3. ?S 44 

J> - 

32.E3 -PE 


j vertical tail •• 

i n ‘ * 


i v - o 
AR -- 1.4 

~^~.2ZZ ’ ‘ 

Ay -- O.EO 

Cr - rt £4 -fr 
C+ -- /a 77 Pi. 
b - 10-20 -Pi. 


tf.if 


fy. PAA 6 US H 1 f/v6A. CAiC | 75 HAX_ n- 0 £-yf_ 
jC 6 SpASS _ZT OAfp/t/6 SPAA Of St Pa/ 

Ffiorf) CF. 9 -T/V AFPPAPajCE 2 IT 
WAS PPC IDF P TO CHO0SP /> BO " p/ AW PTE A 

TiAf ?" i^/fif. THIS T/AF CA/O <EA A Ay 
24,000 06 S. 

FA6W yyp 1 6 HT /4a 'P £ALAW Of CALC UOATMa/S 

Lovfr'TUPtFHi. 6 PA A FOF Of W F ast FA/TFAto// 

WpAP /AFT, FFPAF /s A If 0 £pr*/eev 
6S0UNP CONTACT Pot OAT At-tSJ? /f FT C. P. 

FFUAP K. / SHOtvS THAT THP lATpAAL 

TtP-OveA CAtTPAtOW /S /yiFT FOA A 
20 €" y/FPPP SASP . 









( -✓ 9 ' 'S' 


i 


I 

i 

I 

I 

i 

i 


ft.g. 79 D 


f ^^4 O o 

' On Mips, a n>FNO/ijf 


O np-ootc. CL£itei2ia •• 

foe TglCVO-E 5 THE fttAiA.1 (k^C 

friCTT 5E>W£ THE AFT C-Q-. LbEfiTlOKl . 
THE OSO»-U_S> QriftTKjjSHlP grn.0 EJEKl 
Tv\E ATT" C.fcr. COCATIOM ft UP THE. mrt/U 
EAUDiUft G-EPI2 is 15° 

itj the, F/t-oeE. , rt is <2x.tA£ that 

THE rnfti/J O-EMZ IS LOCATED B EH/KID 

the err c. ft. Locfinofj. also, xft /s 

Gtefte that 7t/e aft c.&. cccattoj 

IS COCfiT££ poei HALO OP THE /E c 
flAJfc-LE, LO'TH fi.E-FEtlE.KlEL. TO THE 
IY7A/AJ (S-eAE. TH£ LOCATION OF THE 
QjEAE BflTSF IES THE, tOUHTODIAJ AC- 
T/P- ogee opiTEejoU 
P) LftTEfiJAE TIP- COE& ddlTEaiF 

the lateral. "np-ooee. vs picxai-eo bp 

THE AMfc-LE £ 


£ 2 ° 


(2l 4SSX rOE-T^DO FO£ UlKlQiU t- S\tM 

amo orsPusmo/j 
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L. 1 


INTRODUCTION 


The purpose of this appendix is to present the preliminary 
sizing and class I design calculations. Methods used were 
taken -from References <1> and (2). References' (5) and (6) are 
used -for stability and control considerations. 

Section L.2 contains preliminary weight sizing 
calculations. These results were obtained using the methods 
presented in Reference <1). 

Section L.3 contains preliminary performance sizing 
calculations. These results were obtained using the methods 
presented in Reference (1). 

Section L.4 contains class I -flap sizing calculations 
using the methods presented in Reference <2> . 

Section L.5 contains class I empennage sizing using the V- 
bar method presented in Reference (2). 

Section L.6 contains landing gear dssing criteria using 
the methods of Reference (2) . 

Section L.7 contains the stability and control 
calculations using the methods presented in Reference (2). 

Section L.B contains the class I drag polars 
using the methods presented in Reference (2). 


calculated 



L. 2 INITIAL WEIGHT SIZING 

Using the methods presented in Re-ference (1 
e.nd weight sensitivities -for the 1<X> passenger 
calculated and are presented in Table L.l. 

The design assumptions used in the weight si 

(L/D) cr = 16 

Cp = 0.4 lbs/hp/hr 
Np = 0 . 85 
Vcr = 442 knots 
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T ABLE L. 1 PRELIMINARY WEIGHTS AND WEIGHT SENSITIVITIES FOR THE 
100 PASSENGER COMMUTER 

WEIGHTS: Take-Off Weight, W T0 = 112,233 lbs 

Operating Weight Empty, W^^ = 67,422 
Empty Weight, W e = 66,041 lbs 
Payload Weight, W pu = 20,500 lbs 
Mission Fuel Weight, W p = 24,366 lbs 

WEIGHT SENSITIVITIES: 

Payload Weight: dW TO /dW pt = 5.9 
Empty Weight: dW TO /dW 6 = 1.6 

Specific Fuel Consumption: dWro /dCp = 202,659 lb/lb/lb/hr 
Propeller Efficiency: dWx© /drtp = -95,369 lbs 
Lift-to-Drag Ratio: dW^/dtL/D) = -5,067 lbs 
Range: dW /dR = 54.0 lb/nm 

Wing Area: S = 1,604 ft 

Wing Aspect Ratio: AR = 12 

Take-Off Power: P TO = 26,750 hp 

Required Lift Coefficients: 

Clean, C, * 1.32 
Take-Off, 1.80 

Landing, C. 


0 


L.'3 PRELIMINARY PERFORMANCE SIZING 

This section presents the calculations used in 
preliminary performance sizing. The methods used are 
presented in Reference (1). 


the 

those 




Pft gT ft'rmr / 

PC' ? FC^ '•***£ £■ ^JZ*r/Cr 


/ OQ -P#*’ 


/. PPEUMHjA.kY HEIGHT SIZING 

77/ £ PfiEL/HUJAkY WEIGHT S'Zt^G OF THE NASA - 100 
NAS £OWE WITH THE CA£A5 v 3 PROGRAM OK) 

THE HARRIS ' 3 CO COMPUTER.. 

ASSUMPTIONS: Wa*all /Waimh. * 0.95 

Wpl = ^ 500 /6s 

^CtEbJ r 320 lbs 

as/A^Q TW/5 PROGRAM , THE CALCULATED CJE'GHTS ARE: 

Wco = U2, 289 lbs 

V/£ - 66,32/ !bs 

W F - 24, 363 lbs 

2. TAKE-OFF WEIGHT SENSITIVITIES 

TH&E SENSITIVITIES WERE AL SO CALCULATED NTH THE 
CAX>AE 3 PROGQ4M. 

ASSUMPTIONS: C p = O.-fO lb/lb/hr 

"Op = 0-35 
z-/t> * / 6.0 

R = /500 nm 

GtOoJTH FACTORS (WERE CALCULATED AS ; 

DUE TO PAyLOAD WEIGHT: * 5.9 

Due TO E/WP77 WEIGHT: &W To / * A6 

SEKiSiTivmES WERE DERIVED AS-* 

/^C* = 502,459 lb//b/li/Kr 

& ^td / = , 3(d 9 Ibi 

/ ^C L /t>^ = -5j04? % 

IVto/lH = ^-0 / 6 /ni* 
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3. PREL/M/iJAfcV PERFORMAWCS S/Z/UG 

THE PRSUMlUARY PER FORM AKX1E S/Z/UG OF THE . 
kiasa - i oo iv as roue ajith the CAbAe z pp.ogp.aiA 

£AJ THE HA A A/s - #00 COMPUTE £. 

TAKE - OFF blSTAHCE , LAUblUG blSTAUCE A/Jb 
CPU/SE SPECb PPOVEb TO SE TWE CRITICAL 
TEAFOZmAVCE CRITERIA. SEE FtG. L. 

ASSUME : A - IZ 


3.1 STALL S PEED RE GlU: RE HE UTS 

AT (FLAPS- UP) ~ * 20 kH 

A T (TUPS- tOCOKi') 5 ^ » 

3.2 DR A 3 FOLA/RS 

Lou SPEEb > QJEAU: Co - 0 <OCp59 + O.03I2CJ 

take-off ) Gear up*. Co 5 0-0779 +■ 0*033^ 

TXKE-OFF , Gear toM Co - 0.0?7? a 0. 033<2 Cl 

lAVb/uO , OEAR UP' Cc, = 0,09£9 -t* O 033a C/ 3 - 

laaj&i/jq, gear doom £5 -o .//£? f 0.033a 

J«3 TAKE-OFF r>! ST A /JCE 

THE VALUES OF TO UER LOAD/WG CoR RES POUDl iJG 
TO VA PIOUS WtfiJG LOAbHJGS AlUb MAXI HUM TAKE- 
OFF lift coernciEUTS is found im table i. 

3 .^ A/AJD/NG D/STANCE 

THE RELATION ZETluEEK J JV/AJO AOAb’AJsr AAJb 

£4^ A3 G/l/EN AS' 

CK/i)™ = A3 -40 

TV £ VA LU£S £ AT OF/ ) \) Q T- ; r S RELAT'D AJ ARE 

P£E5S;UTEb :kJ TA3LE 0. 

3.5 0UM3 REGUllREKEMTS 

ALL CL/M6 RECLLUREMEWT VALUES OF PO'-OElR 
LOP&MG ARE PRESS NJTELD INJ TA6LE 3. 


(^/s )ro * 73.2 p^-f 
(%^) TO = 88.1 ps^ 
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3.6 MANE LTV E R 1 KJ 3 REQUIREMENTS 

THE CALCULATEb RELATION 75 AS RXLOJS • 

(w//p) = (W/S)/o.05 + ^(o^U.dS (w/s) 

TH£ values satisfying TH/S re la tioaJ ARE 

Gl l/E AJ /AJ TABLE -<J. 


3.7 CRUISE SPEEb REQUIREMENTS 

THE CALCUUATEb RELATION IS- 
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THE VALUES SATISFYING TH/S RELATION ARE 
GIVEN in TABLE M- 


33 matching siting Requirements 
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L . 4 FLAP SIZING 


Using methods presented in Reference (2) the flap geometry 
required to provide the necesary incremental lift coefficients 
for take-off and landing were calculated. The results are 
presented in Table L.2. 
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TABLE L. 2 100 PASSENGER FLAP GEOMETRY 


Trailing Edge Fowler Flaps 
Cf/'c = 0.30 
Sw-f/S = 0.70 
bp /b = 0.76 

Sf-To = 20 de( 3 

^ f u ~ 40 deg 


L.5 CLASS I EMPENNAGE SIZING 

This section presents the sizing o-f a convintional T- 
empennage using the V-bar method presented in Reference (2) 
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L . 6 CLASS I LAMPING GEAR DESIGN 


From chapter 9 in Reference (2) it was decided to choose a 
3<J inch diameter tire 9 inches wide. This tire can carry a 
20,000 pound load. 

From weight and balance calculations longitudinal g 
P 1 acement criterion were met. There is 15 degrees between 
main gear ground contact point and the forward c.g. 

Figure L. 1 shows that the lateral tip-over criterion is 
met for a 228 inch wheel base. 
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L. 7 STABILITY AND CONTROL CALCULATIONS 


Calculation o-f required 
presented in this section. 
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Ls_8 CALCULATION OF CLASS I. DRAG POLARS 

This section computes the airplane wetted area and estimates 
the skin -friction drag. Class I drag polars are compared wit 
the polars comouted -for the per-formance sizing. Table L. 
contains the drag polars and table L.4 contains a wetted area 
breakdown. 
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tLJl INTRODUCTIO N 


The purpose of this appendix is to present the 
engineering calculations for the 75 passenger twin-body 
configuration. These calculations were used for the class I 
sizing of the airplane. 

The stability and control calculations are contained in 
section M. £. The longitudinal and lateral— direct ional 
ontrol surfaces are sized in this section. Section M. 3 
ocurnents the class I drag polar calculations. 
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Table 2.5.4 Twin Body 100 Passenger Cnmnnit er Class I 
Weight and Balance Calculation 
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The foltounnq section provides the, complete 
set of calculations for the Class l stability an 
control calculations. J 
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9! 

O.lfcZ 

0.n5 

Z73 

6.4Bb 

0.540 

4 J «,< 

0-6 iO 

0.5b" 

HZ 

0,253 

0. 177 

r.-evrl 

is calculated 

-iVoh', 


4* . £ £ I; 

d«x ^.5 d< * 

cjjt ^ % [(soo 4 55)1 + b 01 + feZ 0 ^ I5MB+ HU Z C T + Z)5)*2 + ^ 

(Jo 3 fc.t- 

<23 „ 255 5 

Oot 


! 

1 : 


ThOS 


AXac »“0.39 

B 


N 10 


M 
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ret: I. Prepore o longitudinal X-plot tor the airplane, 
o. Trie c.q. lee,. 

The horizontal toil hoe been assumed to hove *Hie 
■fo'iouv.r.o, Character i sties: 


5 h = 150 ft z each 
Wn« 589 ibs each 


><= W 

* w 1 » * 


„ - /.c t 

F - 7 ' w w |k v l 
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'From The weight ord balance analysis , the following 
tabulation can be made* 

Table 1. Center Q1 firovrhi Location For Von cue HoniorT: 
TQi 1 Area s . ( Tcuih Horn onto I To.i is j 



5« 

H 

^cq 

**»T | 

■Ft 1 

lbs 

a?+ 

150 

£.60 

<c8! 

0.59 

100 

9ofc 

(?8t 

0.<cZ 

ZOO 

1153 

(oQl 

0. (?5 

500 

1357 

(c89 

O.C? 7 


Tne o.c. leg. 

The fo I Ioanna ouanfities must be determined- 

-j i 

^ C * C VU!J » ^ H ’ ^ ^v/ ^ h * ^ L » ^ 5 ^ , y 

From MoItViopp's integration, 

^oc wS * Xoc w *+ A X 0C(j 
= 0.15-0.59 
Xac we = - 0 .H 
Fro/-- The 3 vieuo, 

X oc^ * fe -50 
7-cc^- 1.71 

j N// 





d£ h /c\ck = 0. I4>*{ I 

\ ' /d <\ z 0. B SCc* ' I 

j 

Sni. 


c- Siliili 


IS-tnblitu onri I /rv--R-.r Ti.nn ft-H', 


U = Z «v/ 

' V ^ 

h e 

K '- O.ll 
K - /. d'Oc 


C L 


/=: fi- 


fe \ 


2 Tt 


h e \ I.C’clb ! 2 -^(5.56 ; 2 ^ 


* */. /3 rod"' 


The cbieruoosYn gradient is coicutated as follows ; 
(me+hdd proposed no Reference ) 


'It I , CO J s 0.111 dt j 

0-O. ft-. d~‘ ‘ /•« - 0 s Olh, I do. I<*Q 

where 

C Uw ! s 5.ib rod”' 

•ft-. 


C 


io,j ~ 5.20 rod* 1 

[ tf^c 


C (o) 


tr. _ 


The Irf- Cu»vt slope -To* Ti;c eno.tne plonfbvn. is found 
as to i ic.es..* ~ 


and 


g | .-<.-«( W, /SUj ) 


I.IP 


ck '^*o 
• i — 


) + A 


in 


K* * / 0 - 3 X 
7 


K« * L 


_ h 




2 /ITT 


Y C 


Ojhert 


V 71 ' 
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h * 90" 

h t 


x w =o.*vo 

fc-y/ 8 ' 


(7) 

C8) 

( 9 ) 

(/ 0 ) 


Kja 



'.m iooiii 


K Ai - o.osfoe 

K-> /.*57 
K„ * /.SCrt 

de ; = 0.3C(c 

C 1 .^. */>■-. c> 


and ck | ^ 0,30: 
d : \ •a*,. 


and l > - d £/ d* j 0 ,!r c n 

r >c 

O.C. ito 15 coicu'oied bu (Eqii. il) 
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W* 8 


[ Xoc^ •* [ Cu^O Cfr X 3 l ^/Ctc vj£ 4 f ( T d^' c X^ C / ^a-hc^ ■ / 

[ I N)j^/Cv * + $ Ci^. f i -de '| ^c\U i 

' n ' ) w2 0 * r,e v d- 4 e \5. /) Cl**, * J 


In -Hie 5+ahli+u and consol onaiusis for the 50 passence 
Single bodg.it wo e 7cov 'd ttor 0 


/oz. f-f 1 

Itius , it will be assumed for common a! if a f hat fne 
horizontal tads on the. /do- possenaer team bod u 
0\^e the some as that on +he 50 "passenger. THus, 

V ZCWft 1 

Thus, +fe above equafion reduces to 
v c« A * C’O.H^ 0.805 4 0,95M(^he / 1 M- 0.70 


’0,H4 0.805 4 O.^CShe/S^ 
l + 0.1Z35 +O.S5B(5 ht /S) 


Toble 2 Aerocbmmic 


ranotje. 


dor form 


£h c 

5vi € 

5 

XI 

P 

>P 

0 

0 

0.590 

/oo 

0./08 

o.fo*n 

zoo 

0.217 

0.4.99 

300 

0.320 

0.7% 


ia ^ LL m 


iDto'jiiiTu gnp uynrm i ion toy //<»;/? /^vvy^ ! 


Bu oeeuvnuia -jnc horizontal tail ioeqhl ie fixed 
at " 


V H -- 9 Zt /b: 


Xcn * cuzo 


men for the o\rp!.ar:e to be inherent’^ stable ounh 
3 i- ccrceni static mono,-,- . 


0. a v 

^oc t " 0 . b ; C) 

end 

5, -- !Z'.Oir z 

"it 


This corresponds to W H « 6*50 lbs LoVnch has been ! 

assumed to be included in the enq\ne ioe\c\ht. I 

Class 1 ueiaht estimates mou reveaV that this ! 

assumption u be re -evaluated. " j 

| 
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i 

! 
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nd Co ntrol. lOQ PM T urn Oglu, 


Prepare o c*\re diom\ X-p'.of for frit oirplone. 
Table l prov\d.ee +ne c.o,. d.o.f o . 

Tnt 0, /: . ; ,eo of Vne X-plof follows from*. 


n , .+ a f C fc\ ! \ i\--\ 

\S\ ,/£ — wV lyT Vp-> I \ w ^ / v / \ /* V' ‘ * 

VC /Cv.'£ cWy' 


(l) 


from f-'nc prelimm arm eno\ne oof compiri aiions 
P/25/Sb . 


rod:' 

Xv»* 41.3 ft 


S- 923 -rl 2 
b* IlSfV 


From Atefbods For isiiniciim Stak lrhi And Cooto) 

rs 7\ 3 n T O a ( 


D^nvodives or Corvenf \orof Subsorud /Mrplor£s~ 


= Cv, , v Cm 

'Cv, 


cs^ 


Cm ~ 0 t TV\t u)\nc\ eor J rr\\D , j J r\OY\ is ve.ru smo\\ 
’**' evcepf of bvj\n angles of oMock. 

Cn^* -51.3 K„ K Rj 2Sb, ifi Crodi-0 


W) 


UViere, 

S* s * Side 'codu, areo * 4>Zf ft 1 " 


jL« ^.b H 


i 






Xyr, e 4+ ) 

: IM.3 

96> \r\. 
h 2 * in. 
lo - S 6 in 
Kn ” O.OOl 
Ri F - ,£Vlf 


^r. /J* * 0.32 


On./Vi,) z * 1.05 


} In /to - 1.0 
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j StKBiL\Ts'. /,MD .CD''Tr>Q'v : /op PAX TV 1 IW_ 60 D 1 
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) 


R -- \ e yt t /o t +akt-cnV (v= 150 koV) 


R, -- 1 67 * iCf oA cruise (/A =0.7 ch SSosott 
o>rce crvst R.. \s lorcer 


Kr. •- 2. OS 
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c n . * - (57.3) (o.ooi )(2.0 S'}U:a' / r Hl /US) * 2 

/S e 

Cr^- -0. 12.7 AOd’ : 

and 

Cr^ « -0./29 + O.W(S v /S) 

inHp 7. nirertionoi 5foi mlt» For Valour- Tfl*l AfJ&S. 
(Ttj.v,n Vf.rtiCGl TOil^.) 


Sv 

/oo 

ZOO 

Zoo 


Sv/S 


0.106 

o.i\i 

0.3Z5 


Cfl£ 

rod' 1 

-0.078 
0.037 
0 . I H 


F\oore.2i5-is ^e. reiottd QropVi. 

S+eo 5 Determine ojkethtr or not ■Hot airplane being designed 
0 ^ ' needs to have ’inherent' or 'de, factor 'directional 

Stability 

Th\s oicpiane uj\U bo inherently stable,. 

5ttp(o. Assume, that the overall level of directional 
stated ^ most be , 

Cn £ * 0.0573 rod*’ 

From fioure, , this corresponds to 

J 

S„- 230 ft* 

















100 FA X TMN j3pp_Y 


/■\ ^ r- , 


to.’ «T" # f « t . *» \ f ) • . f^<K 

-— .v.Tac . .*. l? _i.p 


v c -- 1 'i 


~h p ' Oeterr 
- re.-' : 


>/: c-, 


rr vco ■ er-ivvc -o. 


tv ' l ')'.•)• 


IC/icuiotiorp- done or- ^JZZjPc, 


TO * ^t.100 'be 


v'.'ov;,'). jvv, : 


c -^r 2. 

V S-}-/ V-. 


N Wrt - 172,700 f+fc. 


W I w\w I . 


Dete 


p 

> -W 

the 

o.uc 

to 

Jj 

1 \ 

'•e n 

|V _ 

. r\ 

■ * 

i 

1 '0 

* 'Wl 

1 ' 


Mo 

r 

,100 ~r 

Co. i c 

ulote 

the 

V,. 

^ = 1 . 

*•■7 

Vc 

* w 


w vobt of drop induced [\o coma 
moperohwe encore front-. 


'0 / ere 


step id. 


■/ £ - 171 -pe 
V»v,c s ^d'- “ pc. 

Coicoio.te the rudder deflection required, 
the enerne. CX)i Condition o+ Vr>-,c fronv. 


6r= (Nd +Ni t ; rrt )/q mt 3bC, 
Cohere 

q^ c *- 5o.4 psf 


j = c /2 2 ft'" 


D- ii 8 ft 

c% - Q.O ±j 
Cn,* 

OP 
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*>•.{+ .. .. _|TA.E'[l.nV A.KO CpNTT.OL [ lOO /ViSS TtflL£ ' 

Cr t . mou be. composed trow, 

L.fr 


Cn, 


Cu Z' ^vCo?, ex ■+ ZvS’.r;©. N , 
- 6 « V — F / 


UJntre. 


04 ) 


iv - 4 0.5 ft 
Zv- N.A. 
o r liBft 

= 0 6 (ossumed to be small) 

thue, 

Cn, - -Cu. (o.H3) 

6 (< 

Cc, Cor bt CO ’colored frorr, 



oj^ere. 


OS') 


C Lo , y .MM rod" 

(£i) c L , l.H 

Wc, 

-" 0 ,i 

K’ * O.io5 
K b * i.O 
thus 

Cy^- -O.OOllCSv) 
Ovid 
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25 \22 

30 \01 
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Siep 1. List o!i airplane co^ponenTs lahnch con+rik,^ 
wcTed Qf to, COP'p'jtC The toeTed oreo. oi these 
cor'ponerT$. Find The son , Svjet • 

The con-porerTs ThaT carrribu+e +o uoeded. area ore* 

1. Fuee\oqe T. NQce!»et 

2. VmG 5. Pu/'ons 

j w 

2. Lropenroae 

w 

1. We.-ned. Aren For Plantar ros . 

The ujeTea area of The plaviforr., can be found frro-'G 
5wi+ plt ’ 1 ->.?.* \ I + 0.2t Ct/cV C I + 1 ?, ) /( 1 + A ) } 
where, 

5e>.f p ,‘ * k«>p c r t<p O + /0 

= (3B.l/2)( c l.n)C\.M5') + (10*15) 

- 5 01.1 ft* 

(t/c) r - Cu3 X * 1.3 *; >*0.M 
+bos 

S*e+p,r 1042 ft 1 

For Tine hornowtal Tail, 

5 t»p * 102 h* + 101 ft 1 
(lic\ * O.il *, M *, X* a.5 
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For The verTical Toh, 

Stup * iso Tv** 

(tlc ) r * 0.15 • 1* 1.05 ' X* 0.50 


Swt * 5&>7 ft 2 * 

w>Nrr ver 


i % > 



_5 u>\£+ [DRAG: ..POLRR DuTGR^llJATlOtJ 

2. Wetiecl Area for Fuseloo.es, 

For ibso\00£t uMh cuV.nj-r\Cf»i f^Ci-SSCtOv'f' : 

w w 

- T- Of it (i-l/?, ; ) Vs <l+!'V 

• JC * 


c 

N-‘ 




\ r p 


yjj i ■ w V 


/•.; * 11.7 j *Vht Toselooc. ime-nees ra* ; o 


Sujet. * lV(6.oe.)fe.tXi' 2./Ji.7) 2/ ’(H i/u.T 


5 u)e^ w * 2 * 5 uje.+ fy< (tuv.r, bodu ) 

* ^270 T+ x - b 

4u$ 

3. Wejjed Areo jW Nacelles . 

The nacelle QNrea unll be esdimoded by. 

^'wei n oc * ^ ^ enq 

* Th ( 12 . 5 X 5 , o') X 1 

Su><- * 393 h* 

T1P.C 


9. Pulon VJe-fled Areo. 

SoJcV * 3 5e APplf [ I + .23(t/O r (l + TXV(l + A)] 

U)V\tvt > 

>* I : (t/cV * 0,12 •, 2* 1.0 

5e,p - 15b 

■Vhob 

5 ut+* 2 15 J rt l — 
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Df'AGi Po 

LKT DETaa'.'itjAfioi) 

Summ a •; 01 V Jetl 0 

d. Areas. 

Component 

Wetted Area 
ft 1 - 

Wine. 

lose ; 

Her iion+ol Tail 

'oZ 5 

Veriico. To is 

Ob 7 

Fuselages 

d '270 

Entire v Hp cel. es 

C,: 

V 1 

Crowe 

w s» y 

c 15 

total 

7212 A 1 “ 
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$rtp 2 . Usir.q figures 3 . 2.1 of PaH I find ■VVic. eCjuu'oJtr.f 
parasite" areo. , 'f' ot ihe airplane. 

f* p.D 1 ' 1 C C; 0 , 00 It ) 

S-rtp o. Def ermine fee 'clean ' sera hff dear. coefficient : 
Cor- To/flc- 0 . 0 l 8 d 


Step d. F\od -Hie. cov-npressvbilit^ dra<q mcrerntnf of fhe 
O\rp\o.re too a* Figure 12.7. 

^Co c * 0 . COOZ for compress *.bi\vti^ 

ep 5. Tvoe. iol|ouMnc drop increments uni! be assomed 

V* %. 

Conf iqoraTon AC De 


v- 


Takeoff oeor 
Landing dtear 
Landing flops 


0 .o \5 

0.015 

0.075 


Sttp(o. Defer Anne fkt d.raq polar s. 

Take-off*. C D * o.oszf 4 o.oue C L Z 
C De * 0 . 055*1 CL /D^mcw * ife .8 

t = 0.80 

A * i5 


Cruise *. 


Co ” 0 . 0 l 5 c+ 0 . 0 Z 50 CJ 
(U 0 )« w s 2 , 5 . 2 . 


Cp ft - 0 . 0 l 8 (o 
e * 0.85 
A * 15 


i 

i 


LaridlmA: 


Si -Sum* *L_. 


_ 'Si?J -Ci Ro.lAr _I^ iwv.skr ioi.i 

c D - o. io&h 0 . 02 tc :s 

cl/dw °-y- 
<*. * 

B 

f * I? 


Cr: ' O.IOSM 


1 -- 0.5 


Detevw-int 

Cryist -'D 

As-sw'.ir.a 

Cl „ * 0 .? 

\ 


CL/D v ) cr - 

HA — 


£*^ *VaKivi(j o 10% vtdociion va Ct, 
(-/D) C r s 15 . B 
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I 1/00 hot Min 

H.(o ClQfif' 1 \neHng Co, \cu lotions 

The foUo’jjiviq provides "Vhe Class \ meriia 

calculations tor -the loo passer, c»cr +uoin toodu 

Oesiqo. w J 

0 


I Inertia*. - Llo.sc- I 


tt. Smitt 


I inn p-ir. timr, Mi, 


Li> 


'V 


C J~f 

V 1 W |w 


EvOiUO i C # 

X» : uj\W be calculated later otter completon of 
Cioes H weight or.ct balance. Class I methods 
ore ^not accurate enooo’r tor the twin boo’u 
con lo.vrotioa 


S— r V 


ElvouO' 

-l-p T 

>e -yy 

O.rt T 

V T c '■ 

So s e;c- 

itc 

\ , f 
\ v r 

4b, /SB 

i C C 

i — 

k * 

HB tt 

) e . 
) £ 

L - 

lot ft 
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The ncr, -dimensional radios tor this airplane about 
Tr,e yews is assumed to be 




• r\ 


(Table B7a. Port V) 
and about the ?-o.v'is, 

-Rj'0.5 

The inertias can be calculated Prom 

Xyy - L l W (R v )Vtg 

I„«(e* y/d^Mg + m d l )*z 

Equation (z) assumes that R* applies To each bodu. 
Thus, the mertio js calculated tor each bodu and 
then translated to the airplane c,q..(d* /k.7-ft and 
Woe* 2SO(^q lbs , W 16 *^/o, 258 lbs tor each bodu,) 

w 


0) 

Cz) 


At w TO -. 


Iyy“ 

1.082. *10* 

Sloqtt* 

X*? r 

Z,<oTs}IO h 

slug ft 2 - 

At Woe 

• 

• 


lyy r 

(o.itq^io 5 

slacj-ft 1 

Xn- 

l.50S*10 w 

sluglH- 4 


* I / ! 

\ I 





Ij,.£ iutt 

Step 


Inertia?. i UqssJ 1 LQ£lQ21 twin boti 

o. Com, pore inertias wth knouon doho. 

The. f to ores on the followinq popes show hoto the 
loo petsenoer twin bodu comparts eKishna 
d ata. J * 

Ivy mou.be o Irfile hio'n ; however, the cna.ine pylons 
rnau von (bene the hioT.er J yy assumed. 

I« appear^ to be doubk that of existirio, con- 
ventional Conti qorat ion s - tor o apod reason. The 
twin boao, dee>sti,n validates. the" i Z z values 
assumed.'' 
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APPENDIX 0 


PRELIMINARY DESIGN 
WING STRUCTURAL WEIGHT CALCULATIONS 

FOR 

50 PASSENGER AND 100 PASSENGER 


COMMUTER AIRPLANES 


TABLE OF CONTENTS 


WING WEIGHT CALCULATIONS 

RESULTS OF WING WEIGHT CALCULATIONS 



la- WING WEIGHT CALEyLAUQNS 


DETERM I NOT I ON OP STRUCTURAL WING WEIGHT FOR 50 PASSENGER 

commuter 

From section 5. 1.2.1, GD (General Dynamics) methodolooy was 
used in determ ini no the winp weipht estimations for commerical 
transoort airolanes. The following equation will illustrate this 
methodolooy. 





Note: This eauatiori is only valid for the fol lowinp 

parameter's ranges. 

M * 0. 4-0. S 

<t/c> « 0. 08-0. 15 
l»*X 

A « 4— IS 


Through reseach of airplanes with similar performance 
requirements the following assumptions were made for the 50 
passenger airplane. 


U TQ - 45,000 lbs 
S - 800 ft 

A • 0. 3 



a 3 


The design limit load factor, n , was determined from 
equation 4.13 of Reference 1. which is as follows* 


r>u« 2 2 1 v £ 2+,ooo/( VjJ t6 . * \0,000)j 

Exceot i ons 

n need not be areater than 3. Q 
um 

r t *4.4 for utility airolane® 

um 

n *6.0 for acrobatic airolaries 
um 


where s 


n 


ot J 


1.5<n ) 

um 


2a. RgSULIi QE WINg WglgHT CaLCUU&IIQtiS 


Por the 50 oassenger commuter 

n ■ 3. 80 
utr 

Por the 100 oassenger commuter ( W ■ 110,000 lbs) 

TO 

r. - 3. 45 
UbT 


However, One should keeo iri mind the influence of the neoative 
ultimate load factor, n gtf * ^be weight estimations this value 
isn’t critical but from a structural analysis (the critical mode 
of failure) view this factor can be the dominating driver. 


I---- --- 52 PASSENGER COMMUTER 



*£LE 2j_ 2 100 PASSENGER COMMUIgg 

U - 110,121121011)4,5 - 1000 ft*, >> - 0.3 > (t/r)«0. 15 



4. 5£ 

4. 60 

4. 74 

4. 94 

5. £3 

5.61 

5. 0© 

5. 17 

5 • 

5. 56 

5. 88 

6. 21 

5. 65 

S ■ 7 vj 

5. 9£ 

6. 18 

6. 53 

7. 01 

6. £1 

6. 33 

6. 51 

6. 80 

7. 19 

7. 71 

6. 78 

6. 90 

7. 11 

7. 41 

7. 84 

8. 41 

7. 34 

7. 47 

7. 70 

8. 03 

6. 49 

9. 11 

7. 91 

8. 05 

8. £9 

8. 65 

9. 15 

9. 81 


as 
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